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STRONG READING ADDITIONS FOR SPECIAL PURPOSES 


Strong reading additions are often needed for close and precise 
work. They are also important in cases of subnormal visual acuity. 


With a reading addition greater than ordinary, the patient holds 
his work at a distance less than 33-1/3 em., the usual reading 
distance. To insure convergence, base-in prism is needed. For 
example, an engraver might want to hold his work at 20 em. The 
table below shows that 6 diopters of prism should be added to each 
lens and 2 diopters of sphere should be added to his ordinary reading 
preseription. You will also see that in this case the object will appear 
1.67 times larger than if it were viewed at the usual reading distance 


In cases with very strony additions, the reading prescription may 


be ordered as separate glasses. The table below gives the maximum 
prism powers recommended for use with various additions to the 
existing reading prescription. These prism powers would relieve the 
patient of the need to exert any convergence beyond that ordinarily 


used in reading. [Lesser amounts of prism may be used and in 
particular are recommended in the higher additions because of the 
problems of chromatic aberration and induced oblique astigmatism 
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“Uf it’s a lens problem, let's look at it together” 
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lo See 
the New 


on the MANSFRAM Color Parade 


There’s a MANSFRAM color choice for every » 
patient’s taste. Suggest at least 2 for better TI 
wardrobe blending. Show 4 to illustrate com- - 


plete color coverage. AND MANSFRAM HAS 


BARRELOC, the simple, sure screw locking 


device. Fig. | Fig. 2 
Open Barreloc Closed Barreloc 
MANSFRAM DETAIL Wee 
Colors: Cordovan and Mello 
Ebony and White 
Dusk Gray and White 
Blue Grain and White 


Temples: AM Zyl, Gold Filled Skull 
with flesh zyl tips, 
Comfort Cable gold filled eben 
Fig. 3 Fig. 4 
Eye Sizes Bridge Sizes 
24 Tightening After Locking 


BARRELOC* 


In Barreloc a tube with open ears is 

7 

20,22, 24, 26 soldered to the frame eyewire. When 
: , lenses are inserted, the screw goes 

The gold-filled parts of Mansfram are 1/10 12K through the tube and is tightened 

The ears are then turned down over 


the screw head, locking the screw in 
place. Lenses are secure, battened 
down with metal and a lot of time 
eo and tempers are saved. When lens 
replacements are necessary, ears can 
be bent back up and demounting eas- 


ily done *Pat. Pending 
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Instructions to Contributors 


Communications regarding editorial management, subscriptions, reprints, ete., should 
be addressed to Specialty Journals, American Medical Association, 535 North Dearborn 
Street, Chicago 10. 

Articles, book reviews, and other materials for publication should be addressed to 
the Chief Editor of the Specialty Journal concerned. Articles are accepted for publica 
tion on condition that they are contributed solely to that journal. 

An original typescript and the first carbon of an article should be provided; it must be 
double or triple spaced on one side of a standard size page, with at least a 1t-inch 
margin at each edge. An article in English by a foreign author should be accompanied by 
a draft in the author’s mother tongue. Improvised abbreviations should be avoided. 

The main title of an article may not contain more than ninety characters and spaces; 
a subtitle may be of any length. The subtitle should be sufficiently detached from the main 
title that a punctuation mark as strong as a colon can be used in the Table of Contents to 
separate it from the main title; it must not begin with “with.” 

The author’s name should be accompanied by the highest academic or medical degree 
which he holds. If academic connections are given for one author of an article, such con- 
nections must be given for all other authors of the article who have such connections. 

Typographic considerations necessitate that the first paragraph of an article contain 
not fewer than thirty words. A Case Report must be preceded by an introductory para- 
graph containing at least thirty words before the details of the case are given. 

Material quoted from another publication must be quoted exactly if the original is in 
English—spelling, capitalization, punctuation, etc., unchanged. Material taken largely from 
another publication must be credited to the Original author, whether quoted exactly or 
merely abstracted, If such material is quotyd indirectly, the author must be careful to 
leave no complete sentence of the original unaltered. Use of uncredited quotations will 
be sufficient cause for rejection of an article. 

Each article should be accompanied by a summary in the present tense, presenting the 
main points of the article, but in somewhat more generalized terms than in the article 
itself, 

If it is necessary to publish a recognizable photograph of a person, the photograph 
must be accompanied by written permission of the subject himself if an adult, or of the 
parents or guardian if a child, to publish his photograph. An illustration which has been 
published in another publication must be accompanied by written permission from the 
author and the original publisher to reproduce it in an A. M. A. Specialty Journal. 

The maximum illustration allowance is ten illustrations within a total of 100 sq. inches 
or $100, whichever is of greater advantage to the author. When no restrictions are placed 


by the author upon cropping, reducing, and grouping, the publisher is often able to use 
twenty or more illustrations in one article with the $100 allowance. Submit sharp prints of 
the following sizes, 24%" wide ~*~ 2%” or 31%" high, 344” wide « 2'%" high, and 5%” 


” 


or 7” wide » 3%" high, to minimize reduction and/or cropping. Oversized originals 
should be and a print submitted. Large photomicrograph prints will be 
reduced in seale unless portions to be cropped are indicated by the author. 

Any cut-off marks should be made on the margins or mountings rather than on the 
illustration itself. Charts and drawings should be in black ink on hard, white paper. 
Lettering must be large enough to permit necessary reduction, Glossy prints of x-rays are 
requested, Paper clips should not be used on prints, since their mark shows in repro- 
duction, as does writing on the back of prints with hard lead pencil or stiff pen. Labels 
should be prepared and pasted to the back of each illustration showing its number, the 
author's name, an abbreviated title of the article, and top plainly indicated. Charts and 
illustrations must have descriptive legends, grouped on a separate sheet. Tables must have 
captions. IT IS PREFERRED THAT ILLUSTRATIONS BE UNMOUNTED. 

References to the literature should be numbered in the order in which they are referred 
to in the text or listed in alphabetical order without numbers. A chronological arrange- 
ment, with all entries for a given year alphabetized according to the surname of the first 
author, may be used if preferred. References should be typed on a special page at end of 
manuseript. They should conform to the style of the Quarterly Cumulative Index Medicus, 
and must include, in the order given, name of author, title of article (with subtitle), name 
of periodical, with volume, page, month—day of month if weekly or biweekly—and year. 
Names of periodicals should be given in full or abbreviated exactly as in the Quarterly 
Cumulative Index Medicus. Reference to books must contain, in the order given, name of 
author, tithe of book, city of publication, name of publisher, and year of publication. Titles 
of foreign articles, if originally in a generally known Romance or Germanic tongue, must 
either all be in English translation or all be in the original language. Titles in other 
languages must be translated. The author must assume responsibility for the accuracy of 
foreign titles. 

Matter appearing in the A. M. A. Specialty Journals is covered by copyright, but as a 
rule no objection will be made to its reproduction in a reputable medical journal if proper 
credit is given. However, the reproduction for commercial purposes of articles appearing 
in the A. M. A. Specialty Journals, or in any other publications issued by the Association, 
will not be permitted. 
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Visual skills of more than 12,000,000 workers have been tested through 
the Bausch & Lomb Occupational Vision Service. Of these, about 420¢— 
more than 5,000,000—have been found to be in need of professional eye care. 

Now the same tests of visual performance can be made in your office. 
Use the Bausch & Lomb Professional Ortho-Rater for pre-refractive and 
post-refractive evaluation of the twelve visual skills. And for referred 
Occupational Vision patients it provides objective evidence of improve- 


ment resulting from professional care. 


BAUSCH &LOMB ..--A NEW PRECISION 
| TESTING INSTRUMENT 


Professional 
Ortho-Rater : MEASUREMENT OF 


VISUAL SKILLS 


BAUSCH & LOMB 
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STERILE DP HTIHAL SOLUTIONS 
@ physiologically active 

© exceptionally well tolerated 
© buffered for stability 

@ sterile and bacteriostatic 


each Opp bottle 1s © sterile 


Atropine Sulf Eserine Sol. 2%, 


Promptly effective 


PILOCARPINE HC! 


® 
The 1SO-SOL Co., Inc., Brooklyn 17, N.Y. 1S0-S0L) __ Write for a descriptive 
Distributors; Montreal, Panama City list of all 1ISO-SOL products. 


© tamperproof - sealed 
@ and dated 


Pilecarpine HCI. 
Va 2%, 4%, Whe, mydriatic isotonic Ya 
For dependable my- notably effective with tears—virtuol effective direct act- 
driasis and cycio- well tolerated iso- freedom from side ing non-allergenic 
plegia. oumotic. effects. buffered. 
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NEARPOINT “E” CHART 


TO BE HELD FOURTEEN INCHES FROM THE EVE 


Actual size 6” x 6” 


DISPENSING SERVICE 


Loop Office: 


109 N. Wabash, at Washington 
9th Floor STate 2-5362 


SIMPLIFIED ASTIGMOMETER 


(Lebensohn) 


PLASTIC 
WASHABLE 
“NO COMPUTATION REQUIRED” 


CAN BE USED AT 10 OR 20 FEET 
Send for Literature 


EACH $9.75 


New Near Chart 


GUIBOR Symbol Near Chart now available 
in durable and soilproof plastic. Gives dis- 
tance equivalents, as well as quantitative 
measurements for near vision. E Symbol 


understood by all. 


Place your order now. 


OPHTHALMIC 
OPTICIANS 


\oO Wilmette Office: 


1139 Central Avenue 
CHICAGO, ILL. (Formerly Belgord, Inc.) WILMETTE, ILL. 
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Dependable, 
accurate, 


easy-to-use 


WELCH ALLYN 
Ophthalmoscopes 
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80°) less reflection off segment lines 


7 cv 


Only a few months old and already 


nu-line 


TRACE 


one of the most popular lenses 


ever introduced. Cosmetically or 


functionally, Univis Nu-Line 7 CV is 


designed to outperform any multifocal of 


1.75 D. add or more. Clinical analyses 


of returns (less than 39) of Univis 


CVs under the broad Univis guarantee 


showed the major cause of complaint to 


be light reflection off segment lines (not 


segment glass) causing white or mullti- 


colored false images. 


Univis’ answer is an entirely new lens, 


the Nu-Line 7 CV. Processed segment 


lines absorb or diffuse more than 806 


of light striking lines. Cosmetically, 


segments blend into facial color- 


ing. Also positive identification and 


popular segment size —7 mm inter- 


mediate and 23 mm segment. Now at 


your Univis laboratory. 


ater presbyopic 


Result—ere 


patient satisfaction 


Bright Object 


Bright Otject 


3-foci lens with untreated 
lines. Light is refracted 
off line into eye 


Nu-Line 7 CV with treated 
lines. Light is diffused 
downward or absorbed 


Frames shown are UNIVIS Pan and 


The Univis Lens Company a— 


Dayton, New York, Chicago, 
San Francisco, Los Angeles 
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of spurious image 
— 


Requires no adjustments. The slit 
lamp can be swung past the corneal 
microscope without interruption of 


observation. 


Can be set for five different magni- 
fications by simply turning a knob, 
without changing objectives, eye- 


pieces, or the working distance. 


Maximum brilliance of the illumi- 


nating rays and sharpest possible 


definition of the microscope images. 


Supplementary equipment, such as 


Hruby lens, gonioscope, photo at- 
MADE BY y 


“ARI tachment, etc., are available. Also 
| ZEISS | a special compound table to mount 


IN WEST GERMANY the slit lamp on refraction units. 


Write for literature 


CA REL ZEISS. INC... 485 FIFTH AVENUE, NEW YORK 17, N. Y. 


Guaranteed Uninterrupted Repair Service 
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new corneal anesthetic 


rapid action and coun 
vecessog 


short duration™ 


virtually nonsensitizing 

no cases reported of dermatitis occur- 
ring in patient’s eye or on hands of 
physician. 


relatively nonirritating 

does not sting or burn when dropped 
into the eye —changes in the corneal 
epithelium or hyperemia of the con- 
junctiva rarely occur. 


Average dose: for tonometry, 2 drops. For minor 
surgical procedures, 2 drops instilled 3 times at 
90 second intervals. 


Supplied: sterile normal saline solution with 
0.02% Butoben as preservative, and containing 
0.4% Dorsacaine Hydrochloride (benoxinate 
hydrochloride). In % oz. plastic squeeze bottle 
with dropper tip which delivers uniform drops 
(approximately 45 drops per cc.). 


*Schlegel, H. E.,Jr., and Swan, K.C.:A.M.A. Arch. Opbth. 61 :663 
(May) 1964 
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HYDROCHLORIDE 
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Everybody wants the 
AO' POLAROID’ 
TELEVISION TRAINER 


Acceptance of the new AO Polaroid 
Television Trainer has been over- 
whelming. Doctors, technicians, par- 
ents, patients have enthusiastically 
accepted this effective and inexpen- 
sive aid to orthoptic training. 


It offers truly effective stimulation of bin- 
ocular fusion. An intensely interesting tar- 
get for children—the television screen — 
commands and gets their whole-hearted co- 
operation. The monotony of the same old 
training material is eliminated for both 
child and parent. Home training is simple 
and easy. 

To be used under professional guidance, the 
AO Polaroid TV Trainer consists of a filter 
that hangs in front of the TV screen and a 
pair of glasses worn by the patient. When 
watching a program with the filter in place 
the patient, wearing the glasses, sees half 
the screen with one eye and half with the 


other. The entire picture can be seen only 
when binocular vision is achieved through 
correct use of both eyes. A quarter wave 
plate establishes an area of binocular 
stimulation. The size of this area may be 
changed if desired. The filter is encased in a 
metal frame and attaches to the TV set by 
means of suction cups. It simply flips up 
out of the way when not in use. For com- 
plete information, see your nearest AO 
Branch Office. 


¢ T.M. Reg. by American Optical Company 
© T.M. Reg. by Polaroid Corporation 
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Most ophthamologists today believe that their responsibility to 


their patients extends beyond refraction to the end result 


better vision. That's why they recommend that their preseriptions 


be placed in the hands of their Guitp optician. The ophthamologist 
knows that quality eye wear fabricated by the GUILD OPTICIAN 


assures him of satisfied patients, 
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MAINS OR BATTERY OPERATED 


This new instrument is recommended for 
difficult and border-line cases, and particularly 
where the pupil is small or where opacities 
are present. It combines optical and mech- 
anical precision, is durable and easy to handle 
and gives maximum homogeneous illumination 
Although designed primarily for direct use and 
for the usual critical examination of the cornea, 
lens, vitreous, etc., indirect ophthalmoscopy can 
be effected under dark room conditions. It will 
not measure refraction, neither can it be used 
for Slit Lamp examination, these very im- 
portant functions being better performed by 
specially designed instruments. 


For descriptive leaflet 
please write 


Cahlegrams 


above) Battery Model 
left) Mains Model 


showing head in obverse 


and reverse 


of ENGLAND 
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THE NEW Rodenstock eve-REFRACTOMETER 


Excellent for the objective determination of refractions 
of the human eye, the Rodenstock eye-refractometer 
permits instantaneous readings of spherical and cy- 
lindrical refractions including inclination of the axis. 
Enables you to diagnose objectively problem cases like 
children, illiterates, cases of pin hole pupils, as size of 
pupil has no effect on efficiency. Eliminates time con- 
suming basic diagnosis so tiring to the patient. Par- 
ticularly helpful in difficult cases of strong astigmatism 
and sensitive or nervous patients. This instrument 
stimulates the patient's confidence in the doctor as well 
as self-confidence of the patient. Range from plus 20.D 
to minus 20.D. 


PERIMETER OF DR. ETIENNE 


¢ Modern, original conception of Perim- 
eter with Bowl of translucent plastic, 
allowing 
Quick, easy testing of visual field. 


Maximum precision tracing of all forms 
of Scotomas. 


Test Object projected from outside 
through plastic Bowl. 

Intermittent luminous stimulation. 

A combination of five diaphragms and 
five neutral filters gives test object ex- 
actly defined photometrical character- 
istics (surface, contrast) 

Projects in white and blue, green, yel- 
low and red colored filters. 


¢ Meridians and parallels engraved on 
outside of Bowl, and invisible to patient. 


* Easy to chart, and examine the visual 
field in normal position 
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OPERATING LOUPES 
LISTER-MORTON OPHTHALMOSCOPE 
PURVIS STREAK RETINOSCOPE 
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TECT METAMORPHOPSIA, RELATIVE 
SCOTOMA) 


DIPROSE HAND SLIT LAMP 7 FOCAL 
ILLUMINATOR 
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In manufacturing optical products which must 
be precise, the skill of master craftsmen is essential. 
Men Add to that skill the most modern production 
equipment and you have a combination unsurpassed. 
and 

Forty-two years of continuous growth 
Ma hy have produced BENSON branches in 27 cities 


of the Upper Midwest . . . laboratories where 
prescriptions are accurately transformed 


into fashionable glasses. 


And the “BENSON” name has come to stand for the 


highest quality and precision in optical production, 


Since 1913 Executive Offices e Minneapolis, Minn. 


COMPLETE LABORATORIES CONVENIENTLY LOCATED IN LEADING Upper Mipwest CITIES 
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In aphakic cases... 


after the permanent 


has been established 
CATAREX 


LENTICULAR CATARACT BIFOCALS 


for a highly satisfactory 
post-operative course 
in cataract cases, use 
CATAREX temporary 


cataract bifocals! 
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VISION-EAS 


The visual ability . . 


and often visual comfort as well 
of cataract patients is influenced by the 


refractionist’s choice of a permanent lens. 
Many times, the weight and distortion of ordinary 
cataract bifocals have a negative effect on the 
well-being of the aphakic individual, who must depend 
upon his lenses to provide vital delineation of detail. 


CATAREX ‘D' Lenticular Cataract Bifocals were 
designed to give vastly superior performance over 
ordinary cataract bifocals in aphakic cases, They 
are light in weight, cosmetically attractive and yet 
provide maximum areas in both distance and near 
fields. Base curve series for CATAREX ‘D’ number 
six, with others available on factory order. 


CATAREX ‘D’ LENTICULAR CATARACT BIFOCALS 
Straight-top segment — 18mm 
Distance portion — 34mm diameter 
Standard additions — 2.50D to 3.50D 

Tint # 1 only 
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expand.. 


WITH KONO "ROUND THE CLOCK! 


* You take a basic front... 
* Pair it with any combination of 


temples and trims... 
And Presto!...you've just increased your 
frame potential to a versatile selection that 
expands according to your patients’ needs! 
Now you have an infinitely wide range of 
styles to offer...because with kbp you can 
“custom-style” any frame to fit a specific 
need...merely by switching temples and 
trims. Truly a dawn-to-dark frame presen- 


tation to please every whim! 


And best of all, your Kono distributor is sol- 
idly behind kbp. He’s completely equipped 
with basic sparkling Konoptic fronts, tem- 
ples and trims... diversified selections to 


service you quickly, efficiently, neatly. 


Karess basic selections. 


Contact your local supply house for further information. 
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NOBEL—Crisply styled 
for smart looks, 
superb fit. 


KARESS—A basically 
youthful frame for 
‘i every facial type. 


KONETTE—A 
perennial favorite 
no matter what 
the occasion! 


DARCY—The 
graceful costume 
frame so many 

women ask for. 


NOBEL JR. & . 
MISS KAY—A 
youth-loving pair 
youngsters 
really go for! 


manufacturing COMpany 
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IN CYCLOPLEGIA... 


CLOGYL’ 


HYDROCHLORIDE 
brand of cyclopentolate hydrochloride 


SAVES TIME 


... for you... with rapid onset of action 
. . . for your patients . . . with rapid recovery 


“Cyclopentolate hydrochloride . . . produces a rapid [30 to 60 minutes], intense cycloplegia and 
mydriasis of moderate duration . . . and is effective in highly pigmented irises and for persoris of 
all ages.” New and Nonofiicsal Remedies, Philadelphia, J. B. Lippincott Company, 1954, p. 189 


Cyclogyl has shown outstanding qualities in 1035 cases.! 
(Incorporates work of 11 previous investigators) 


Dosage and Administration Dioprers of Residual Spontaneous Recovery 


( 
ompound (drops) Accommodation in be 


Cyclogyl 0.5% 2 1.10 24t 
» 
Homatropine « 6 of 2.00 48 
1% 
* Successive drops at five minute intervals Recovery time reduced to six hours after one percent pilocarpine 
1. Gordon, D. M., and Ehrenberg, M. H.: Am. Ophth. 48/831 (Dec.) 1954. 


“the chief handicap of maximum cycloplegia, namely its incapacitating effect, is minimized . . .” 
Gettes, B. C.: A.M.A. Arch. Ophth. $1:467 (Apr.) 1954 


Cyclogyl, “by virtue of its brevity, rapidity of action, and consistent depth of cycloplegia, will be 
{a drug of choice} for routine refraction . . .” Ebrlich, L. H.: New York J. Med. 53/3015 (Dec. 15) 1953 


Dosage: Supplied: 

Cycloplegia — One drop 1.0%, in each eye (or two drops of Sterile ophthalmic solution in Gifford'’s Buffer (pH 6.0) 
0.5°%) produces maximal cycloplegia in 40.60 minutes. Re 0.5 Solution — 15 cc Dropper Bortles 

covery ame is normally 4-12 hours spontaneously. Pilocarpine 1.0 Soluuon 15 cc Dropper Boetles 

reduces recovery time. In deeply pigmented eyes, 2 drops of 2 « Dropper Bottles 

1.0% in each eye, instilled 10 minutes apart, achieves satisfac 


tory cycloplegia in ORF of cases co 
Mydriasis — One of two drops of 0.5% in each eye Sehioffelin be Since 1794 


Samples and Literature on request Pharmaceutical and Research Laboratories 
New York 3, N. Y. 
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Ussibility of the Ring of Schwalbe 


An Interpretation of the Posterior Corneal Embryotoxon and the So-Called Congenital Hyaline 


Membranes on the Posterior Corneal Surface 


HERMANN M. BURIAN, M.D 
ALSON E. BRALEY, MD. 
and 

LEE ALLEN, lowa City 


\bout 


drawn to glassy 


two years ayo our attention was 


the 


surface of the 


ring-like structures at 


periphery of the posterior 
that these 


bands corre sponded to the so-called posterior 


cornea. It soon became evident 


embryotoxon of the cornea (l:mbryotoxon 


\xenfeld '), 


marginal dysplasia of the cornea (Streit *), 


cormeae posterius, posterior 


congenital hyaline membranes on the poste 


rior surface of the cornea (Mann"“), 


or peripheral refractile  posteorneal rim 


(Graves *). (ince our interest in this subject 


was awakened, we devoted a close study to 


the limbus of all patients whom we saw and 
performed a slit-lamp gonioscopic examina 
tion on those who presented to external slit 
lamp study an unusual appearance of the 
limbus or of the periphery of the cornea 
These clinical investigations were followed 
by a careful study of 600 pathologic speci 
mens of and this study, in 


eves, turn, 


prompted us to extend our investigations to 


the chamber angle of the eyes of pigs, dogs, 


rabbits, and cattle and the embryology of 


this region in man. Inevitably, this led us 


also to the problem of juvenile glaucoma 


In the present paper the results of our 


clinical worl 


will be presented The other 


From the Department of Ophthalmology 
Medicine 

read at the 90th 
American Ophthalmological 
Park, Mont 18, 1954 


State 
University of lowa College of 


Condensed version of a 


Meeting of the 


paper 
\nnual 
society 


(slac June 


aspects of the study will be discussed in sub 


sequent papers * and will be mentioned here 


only insofar as is necessary to support our 


evidence 


1. CLINICAL FINDING “NORMAL” FYI 


Jefore the embryotoxon is discussed, a 


miption ol the slit lamp ippearance ot 
the normal limbal areas will be given, msotar 


as it has a bearing on the subject under 


consideration 
When one 
on the 


focuses a very hit beam 


to the 


narrow 


sclera nasal or the temporal 


side of the globe and slowly moves the beam 


toward the limbus, there will suddenly 


appear, when the beam ts near the limbus 


but still in nontransparent tissue, a golden 


glow in the region of the chamber angle 
which in its character is comparable to the 
vellowish-golden appearance noted when one 
is observing ocular tissues 


14) 


ther corneaward on the limbu 


in specular retlee 
tion (big As the beam is moved fur 
, one observe 5 
invariably, if the beam ts carefully focused 
on the posterior corneal surface, a more or 
less translucent condensation of tissue which 
presents a fine, regular, or crisseross str 


1B) 


this band ts pe rhaps 0.33 to O.5 mm. wide; 


ation (big In the majority of cases 


in a few it is only a small fraction ot a 


millimeter wide, and in others it may be more 
in width. Because of the vertical 


the slit 


than 1 mm 


orientation of heam and the width 


of the external scleral limbus in the upper 


and lower parts of the corneal circumference 
this band is best observed on the nasal and 
temporal sides 


* References 5 and 6 
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Fig. 1.—External slit-lamp appearance of average trabecular zone on temporal side 


Peripherally this band, as it appears to 
blend with the tissue of the scleral septum 
(Busacea*), has no discernible border, and 
disappears behind the wedge of the external 
scleral limbus, but toward its corneal side it 


nearly always ends in a rather well-defined 
edge (Fig. 1C). As a rule this edge is 
nothing more than a line delimiting the band 


of relucent tissue. Occasionally it was seen 


to consist of a distinct whitish line, concen- 
tric with the limbus, clearly thickened, some- 
times slightly wavy, and in the more pro- 
nounced cases obvious in focal illumination 
without the aid of magnification. It must be 
emphasized that this line appears whitish 
against the darker iris only in direct focal 


Fig. 2.—A, widely exposed trabecular zone without prominent border of Patient B. P. B, 


wide trabecular zone with prominent border of Patient R. | 
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illumination. When seen in retrograde illu- 
mination, the line is always translucent and 
refractile 

The lower temporal portion of the left eye 
of Patient B. P’., a 21-year-old woman, who 
was seen in our clinic for refraction, is pic- 
tured in Figure 24. She had an unusually 
broad band of relucent tissue at the poste- 
rior corneal surface in the limbal area. This 
tissue feathered out to a thin, almost indis- 
It had 
no prominent border, except for a possible 


tinguishable edge on the corneal side 


very slight indication in the upper temporal 
region, Just central to the edge of the relu- 
cent tissue there were fine circular lines in 
Descemet’s membrane which appeared re- 
fractile by retroillumination but were slightly 
relucent in direct illumination. Figure 2B 
contrasts the appearance noted in this patient 
with that of a patient in whom the relucent 
tissue, of which there is a similarly broad 
expanse, is delimited by a distinct, whitish, 
somewhat prominent line. 

This refractile line is seen in some patients 
only along a short stretch of the circumfer- 
ence, usually in the lower temporal or lower 
nasal periphery. It may extend along the 
greater part of the temporal or nasal periph- 
ery or both, and in some cases it is continu- 
ous, leaving free only the region from 11 to 1 
o'clock, where we have seen it externally 
Short 
of a prominent line are frequently noted, but 


only in exceptional cases. stretches 
more extensive lines are by no means rare. 
After we had seen over 30 patients with more 
or less extensive prominent lines, the pattern 


was so well established that we 


continued 
using gonioscopy only on eyes in which 
features of special interest warranted such 
examination 

When a prominent line is present, obser- 
vation with the slit lamp creates the definite 
impression that the line constitutes the edge 
of a “hyaline”? membrane adherent to the 
posterior corneal surface and extending into 
the chamber angle. The picture agrees with 
that of the entity described as posterior em- 
bryotoxon of the cornea, as posterior mar- 


ginal dysplasia of the cornea, or as congenital 


TRABECULAR 


ZONE 


hyaline membrane on the posterior surface 
ot the cornea 
The similarity to this clinical entity was 
enhanced by the frequent finding of small 
pigment dots on the prominent edge of the 
“membrane,” or “opacity,” and of fine strands 


of iris 


tissue inserting on it which were 
occasionally visible with the slit lamp 

When the translucent band was pro 

nounced, the corneas were usually a little 


smaller in the horizontal diameter than nor 
mal. The condition oecurs also, however, in 


corneas of normal size, and we have even 
observed it in two cases of megalocornea,. 
Often there was also some hypoplasia of the 
This 


hypoplasia was as a rule mild, but was quite 


anterior mesodermal layer of the iris 
evident in certain patients. Most of our pa 
tients had gray or blue irises, but there were 
also some with dark-brown irises, and we 
have seen the anomaly in two Negro pa- 
tients. Most patients in our clinic are of 
Central European or Scandinavian stock ; 
Studies on clinical 
material in which patients of Southern Euro- 


very few are Negroes. 


pean stock or Negro patients are prevalent 
are likely to show that the anomaly occurs 
with equal frequency in these patients. Biozz1 
and Lugli* were able to collect 16 cases in 
the clinic in Bologna, Italy, in a short period. 

Aside from the hypoplasia of the iris, none 
of the eyes which we examined showed ab 
normal conditions which could in any way 


be connected with the “embryotoxon,” ex 
cept for a group of patients in whom an 
extreme development of this anomaly was 
found, together with iris atrophy and glau 
coma. These cases will be discussed later. 

The question arose, What is the anatomic 
substratum of the “opacity” or “membrane,” 
and of the prominent line seen at its edge? 
We expected and obtained an answer to this 


question from gonioscopic examination 

that the 
structures of the chamber angle were well 
that they had 


There was no abnormal mem 


These examinations revealed 


visualized and their usual 
appearance 
brane of any kind covering the structures 


of the chamber angle or the periphery of the 
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cornea, In the patient whose slit-lamp pi 

ture is reproduced in Figure 21, the trabecu 

lar region was perfectly normal for a person 
of her age, although it appeared slightly 
broader than usual, especially in certain 
areas. The region of Schlemm’s canal showed 
a normal gray appearance. Ahead of this 
region, still within the trabecular area, was 
a whiter band, which blended softly into 


another gray region just behind the anterior 


ARCHIVES OF OPHTHALMOLOGY 


edge of the trabecular zone. In this patient 


no prominent line was visible anywhere. In 


those patients, however, who presented ex 
ternally a prominent line, one noted, when 
following the anterior border of the trabecu- 
portion of the angle, the anterior border of 
lar band, that, along a greater or smaller 
this band became a prominent pearly-white 
line. In some patients clumps of pigment 


were seen on this line, and a certain number 


Vig. 3.—Patient M. B 1, photograph of patient’s eyes showing cornea ©. 5 smaller thar 


cornea O. D.: B, enlarged view of O. S., showing prominent bands nasally and temporally; ¢ 


lower nasal quadrant of limbus O. 5. seen 


with direct illumination, showing prominent ring 


(a): D, temporal limbus O. S. with prominent ring (a) seen in sé lerotic scatter; /, nasal 
limbus O. D., showing no prominent ring; /°, gomoscopic view ot lower angle O. S.: (a) corneal 


wedge ; /) prominent anterior border-ring 


filled canal of Schlemm; (d) scleral spur; (Ce 


Schwalbe with pigment clumps; (c) blood 
ciliary body band; (f) bridging iris processes 
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of iris processes inserted on or below the 
line. There were variations as to the extent 
and prominence of the line and as to the 
amount of pigment, but the basic pattern was 
essentially the same in every case we have 
observed. 

From our gonioscopic findings it was evi 
dent that what we had taken to be a “hyaline 
membrane” in the external slit-lamp exami 
nation of these patients was nothing else 
than the trabecular area and that the prom 
inent ring was the anterior border-ring of 
Schwalbe 


We thereupon went back to an investiga 


this area, or ring of 


tion of patients who did not show an “em 


that 
the trabecular region can be visualized exter 


bryotoxon” and were soon convinced 


Fig. 4 
C, upper angle, O. D 


A, lower angle, O. D., of Patient 


nally with the slit lamp in every patient at 
the nasal and temporal portions of the limbus. 
The “golden glow” at the limbus is produced 
by illumination of the trabecular region, and 
more peripherally of the scleral septum, in 
specular reflection, and the opacity seen in 
direct illumination and deseribed at the be 
ginning of this paper is, in fact, due to the 
visualization of the trabecular zone 

The findings in the numerous patients with 
“embryotoxon” were rather uniform, and 
we shall, therefore, as an example, report 
only one case, that of a 29-year-old male 
school teacher who presented himself for 
examination because of eyestrain and head 
aches. He had a mild hypermetropic astig 


matic error, normal visual acuity in each eye, 


LRABECULAK 


(reversed) of Patient W 


ZONI 


and normal intraocular pressure. His eyes 
were clinically normal except for a shght 
difference in the horizontal diameter of his 
(O. D. mm; O. 


slight hypoplasia of the anterior layer of the 


corneas mm.), a 
left iris, and a prominent ring of Schwalbe 
in that eye. In external slit-lamp view, a few 
iris processes were seen to imsert on that 
The limbal area of the right eye pre 


The 


gonioscopic appearances of the eyes of this 


ring 


sented no abnormality external and 


patient are shown in Figure 3 


CLINICAI FINDINGS IN GLAUCOMATOLUS 


EYES 
While the majority of the eyes in: which 


we noted a prominent anterior border-ring 


K.; B, 


lower angle, O. D., of Patient J. I 


of Schwalbe by external slit-lamp examina 


tion were clinically normal, we have ob 


served such rings also in a number of eyes 
with glaucoma. The ages of these patients 
varied from to &3 years 


In a number of instances the ring was 


observed as a familial occurrence, In two 
of these families the prominent ring was the 
only anomaly present. In another family 
only one member had a glaucoma combined 
with the ring; in a fourth family glaucoma 
and ring occurred together in a number of 


members 


We shall briefly 


which 


report on the two families in 
glaucoma occurred, In the first, we saw 
grandmother The grand 


both 


77) 


daughter, and grandson 


mother, a 54-year-old woman, 


presented in 


a 
= 


Fig. 5 1, external view, O. 1)., of Patient 
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lL... showing prominent ring and marked iris 


atrophy with hole formation; B, similar view of Patient R. I 


eyes a prominently visible anterior trabecular zone 
and a prominent anterior border-ring, as well as 
marked iris atrophy. This patient had advanced 
chronic glaucoma. Gonioscopy revealed the angles 
to be open. The gonioscopic findings were essen- 
tially the same in the various regions of both cham 
ber angles. The view of the lower angle of the right 
eye is illustrated in Figure 44. Figure 44 shows the 
gonioscopic appearance of the right chamber angle 
of this patient's 30-year-old daughter, who also had 


Fig. 6.—A, gonioscopic view ot lower quadrant, O. D., of Patient J. L.: 


a prominent ring of Schwalbe and iris atrophy. This 
patient had no ocular complaints, and her intra 
ocular pressure was normal. Her 7-year-old son 
showed the same anomalies, and the gonioscopic 
view of the upper quadrant of his right eye is re- 
produced in Figure 4C. 

These three patients have a number of interesting 
anomalies in common. All three have an iris atrophy, 
which in the grandmother is associated with ad- 
vanced glaucoma ; all three have an abnormal vessel, 


(a) point at which 


ring of Schwalbe becomes detached. B, upper quadrant of chamber angle, O. S., of Patient J. L.; 
C, upper quadrant of chamber angle, O. D., of Patient R. L. 
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Fig. 7.—A, 
of Patient R. I 


chamber angle of Patient R 
(a) end of corneal wedge 


normal width (a) 
normal extent 


normally 


Patient R. L., with a relative microcornea 


TRABECULAR 


kK 


located prominent ring of 


ZONI 


(a) end of corneal wedge. 2B, chamber angle 


and J), schematic interpretation of the probable 
cross sections of the chamber angles of these patients. ¢ 


, Patients R. K., with cornea of relatively 


Schwalbe; trabecular zone ot 


(c) normally shaped corneoscleral junction and external scleral limbus. D, 
(a) centrally located prominent ring of Schwalbe ; 


(b) long, thin forward extension of uveal portion of trabeculum; (¢) abnormal corneal wedge 


forming an acute angle due to peculiar distribution of scleral tissue 


iris root (d) in Patient R. I 
canal (¢) than in Patient R. K. (C) 


probably an exposed major circle located at the apex 
of the angle, and present a line of Schwalbe of vary 


ing prominence. The grandmother and the mother 


show a number of coarse and fine iris processes 


bridging the angle of the anterior chamber 


The most advanced glaucoma and the most promi 


nent rings were seen in two brothers 
38, respectively 


aged 35 and 
who also had essential iris atrophy 


Their 50-year-old sister and the 5-year-old son of 


Note forward position ot 


(D) and greater distance between apex of angle and Schlemm’s 


one of them also had 


glaucoma and prominent 


rings 
The external appearance of the eyes of the two 
brothers is 5A and Ff. In Figure 


6 gonioscopic views of their eyes are presented. The 


shown in Figure 


iris atrophy is clearly noted, as is the white cord 
like strand in the position in which the ring of 
Schwalbe is expected to be found. We wish espe 


cially to call attention to Figure %A, in which the 
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line of Schwalbe suddenly separates from the over 
lying corneal tissue, terminating at about the 5:30 
o'clock position with a small translucent yellow ball 
near its free end 

\nother noteworthy abnormality, seen by us also 
in some other patients, was found in the younger 
of the two brothers. The slit beam demonstrating 
the corneal wedge in optical section extended across 
what was assumed to be the trabecular region to the 
iris root in the lower angle, and halfway to the 
iris root in the upper angle It is instructive to com 
pare the relationship of the chamber angle struc 
tures to the corneal wedge of this patient with that 
of another patient. The latter, a 37-year-old man, 
had essentially normal eyes, but presented on ex 
ternal slit-lamp examination a prominent ring of 

chwalbe around the entire circumference of the 
limbus im both eyes. The elevated, cord-like band of 
tissue at the anterior margin of the trabecular zone 


was well visualized in gonioscopy, but the corneal 


wedge had the usual nicely rounded form where 
comeided, presumably, with the anterior border 


the trabecular zone (Fig. 7).4 


fil, MICROSCOPIC ANATOMY OF THI 


CHLAMBER ANGLI 


We have made a careful histologic study 
of the region of the chamber angle in 600 
eyes available to us in our collection of histo 
logic specimens. (Of most of these eyes we 
had at our disposal a number of sections 
stained with hematoxylin-eosin and with the 
Held-Van Gieson and Mallory stains. The 
result of these studies as they relate to the 
trabecular zone and its anterior border will 


now be summarized 


\. TRABECULAR MESHWoORK 


The elements of the trabecular meshwork 
are distributed in typical fashion, and its 
fibers can be divided into several groups on 
the basis of the course of the fibers and their 
relationship to adjacent tissues. The fibers 
of the various groups differ also with regard 
to their constituent parts. 

The following four groups of fibers can 
be distinguished, of which Group 1 repre- 
sents the corneoscleral group, while Groups 
2 to 4 belong to the uveal meshwork, ac- 
cording to the terminology introduced by 
Virchow.'° 


+ A more detailed description of these and some 


other patients is given elsewhere.” 
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1. The corneoscleral group. This is an 
outer group of fibers which have their ante- 
rior termination in the cornea, but which are 
possibly also related to the circular fibers of 
the scleral septum. These fibers generally 
run internal to Schlemm’s canal, but occa- 
sionally will surround it, so that two or 
three layers are recognizable on its external 
surface and six to seven on its internal sur- 
face. In most cases these fibers appear to 
take a crisscross direction. They are usually 
rather finer in texture than the other fibers 
of the trabecular meshworks 


2. Fibers of uveal meshwork relating to 


meridional fibers of the ciliary muscle. This 
group has one terminal in the most posterior 
layers of the corneal stroma, frequently ex 
tending toward the center of the cornea, well 
beyond the edge of Descemet’s membrane 
(O.1 mm.). The posterior termination varies 
Occasionally all fibers of this group seem to 
pass into the base of the scleral groove at 
the tip of the scleral spur, but just as fre 
quently about one-third to one-half of the 
fibers continues past the tip of the spur to 
blend with the connective tissue surrounding 
the meridional fibers of the ciliary muscle 
ven in the cases where all fibers seem to 
enter the tip of the spur, there appears to be 
some connection, either directly or indirectly 
by a fibrillary extension, through the spur 
with the ciliary muscle. There are approxi 
mately five layers of fibers in this group 
These fibers take the most direct meridional 
course of any of the trabecular fibers. In 
meridional sections of the eyes it 1s common 
to find one or more fibers shown nearly in 
its entire length. These fibers are usually 
somewhat thicker than the corneoscleral 
ones, and their collagen and Descemet’s 
layer are somewhat more distinctly seen. 

3. Fibers of the uveal meshwork relating 
to the radial and circular fibers of the ciliary 
muscle, This next, more internal, group has 
its anterior termination just behind the edge 
of Descemet’s membrane, at which point the 
fibers generally take a circular course. The 
posterior termination of these fibers is typi 


cally in the trabeculoconnective tissue sur- 


of 
j 
} 
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the radial and circular ciliary 


muscle fibers 


rounding 
here are usually three to six 
layers of fibers in this group 

4. kibers of the uveal meshwork relating 


to the root of the iris. This last group of 
fibers may or may not be present, and in 
our experience it is entirely absent in many 
eyes. When present it usually does not form 
a constant layer, but is represented by iso 
lated fibers or groups of fibers scattered 
sparsely over the inner surface of Group 3 


The 


varies ; it 


position of its anterior termination 


may be on the endothelial surface 


of the edge of Descemet’s membrane, on the 


anterior border-ring of Schwalbe, if one is 


hig. A 
Descemet 


histologic section of chamber 
membrane ) 
cleral trabecular fibers; 7yr., [ 
muscle fiber cw.) 

muscle fibers; S 


scleral 
(mer) 
uveal trabecular 
cleral spur. 
cleation 


angle of normal ©. D. of 
septum ; 
uveal trabecular 
fibers 
Lonloscopie 


present, or on the internal surface of the 
fibers of Group 3, anywhere from the edge 
of Descemet’s membrane to the apex of the 
angle. Its posterior termination ts in the 
root of the iris, and most frequently it ap 
pears continuous with the most superficial 
layers of the iris stroma. This group usually 
is one fiber in thickness, and in the eyes in 
our pathologic collection 1s never more than 
two or three fibers thick at the level of the 
scleral spur. This group may lie in its entire 
course against the fibers of Group 3, or it 
may be separated trom Group 3 in part of its 


course, forming a bridge. In the former case 


it has an endothelial, and sometimes a pig 


Patient M.: Dese., 
Schlemm; 7r., C. S., corneo 
fibers related to the meridional ciliary 
related to the radial and circular ciliary 
drawing of the same region previous to enu 


Schl., canal of 


i. 
‘ 
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ment, covering on its internal surface; if it 
bridges, there is an endothelial covering with 
associated pigment on its entire surface 
Figure 8A shows the histologic section of 
the chamber angle of a normal right eye, 
removed as part of an exenteration of the 


orbit because of carcinoma of the maxillary 


sinus extending into the orbit. The features 
of the chamber angle are clearly visible and 
are indicated in the illustration. The speci- 
men is of particular interest because we had 
seen the eye gonioscopically prior to its re- 
moval (Fig. 8B). 

B 


AnTenion Bonrper-RING oF SCHWALBE 


The anterior border-ring of the trabecular 
(Schwalbe,"' 
Salzmann,'* and others) as a bundle of fibril 


area is commonly described 


lated connective fibers supported by elastic 


tissue, lying just beyond the edge of Des- 
cemet’s membrane. This ring is clearly seen 


Fig. 9.—A, histologic 
Descemet's membrane; Schw., 
canal; Tr., C. S., corneoscleral trabeculum ; 
meridional ciliary muscle fibers; 7r., [ 
circular ciliary muscle fibers; 5 
section of the same ring of Schwalbe as that in 


section of chamber angle of normal O 
ring of Schwalbe; S 
(cir.), uveal trabecular fibers related to the radial and 
sp., scleral spur 
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in preparations of the chamber angle of many 
animals (Fritz ’*), but in man it is as a rule 
not a densely packed group of fibers, but, 
rather, consists of fibers lying in fairly close 
proximity. In sagittal sections the fibers are 
cut across, so that they are viewed end on, 
and are seen to be separated by slight spaces. 
There this group of 
One extreme, not further considered 


is much variation in of 
fibers. 
here, is represented by cases in which circular 
fibers comparable to those in the border-ring 
are found distributed over the inner surface 
of the trabecular region, so that they do not 
\t 


the cases in which all the circular fibers are 


constitute a ring. the other extreme are 
gathered into a ring, which may be of such 
size that it forms an actual prominence ex- 
tending into the anterior chamber. 

When there is a prominent ring, it 1s made 
up of closely packed collagen fibers and may 
contain a greater or smaller amount of elastic 


S. of Patient C. B.: Desc., 


sep., scleral septum; Schl., Schlemm’s 
(mer.), uveal trabecular fibers related to the 


B, photograph by oil immersion of another 


A. 
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RING OF SCHWALBI IND 


tissue, indicated by small black-staining flecks 
the 


Occasionally we have noted a cell nucleus in 


when Held-Van Gieson stain is used. 
the bundle, and more rarely still the inclusion 
to from Des- 
With all stains the bundle 


takes the same deep stain as the scleral spur 


of material appearing stem 


cemet’s membrane 


and the scleral septum, in contrast to the 


corneal tissue. The ring may appear as a 
single bundle, or it may be divided into two 


distinctly recognizable portions. One of the 


Tr.,¢.S 


Tr.,U.(mer) 


TRABECULAR 


Lf 


ZONE 


so as to be soon lost to view; the other por 
tion follows a similar course on the corneal 
side of the ring. In some cases Descemet’s 
membrane appears only on one side of the 
ring, either the internal or the external side. 
Krom the point where Descemet’s membrane 
stops, the ring is covered only by a single 
layer of endothelium, identified by the iso- 
lated, thin, flat cell nuclei. 

Such a prominent ring and its associated 
chamber angle are reproduced in Figure 94 ; 


(pectinate 
fiber) 


Tr. ,U.(cir.) 


Fig. 10.—Semischematic 


Descemet’'s membrane ; 
septum; 7r., S 


meridional 
fibers 


fibers, one end relating to the 
between corneoscleral trabecular 
ring of Schwalbe; 7r., [ 


and 


thickne 


spur 


presence, 


>. 


scleral 


two portions lies usually more internal than 
the other, and the internal portion tends to 
surround the other portion at its extremity 
the of the 
Ordinarily Descemet’s membrane splits just 


directed toward center cornea. 


as it reaches the ring, one portion going over 
the chamber side of the ring, but thinning 


Descemet’s membrane, 
(cir.), uveal trabecular fibers, one end relating to radial and circular 
cilary muscle and other entering ring of Schwalbe; /. f., 
and extent upon trabec ulum, 


sometimes 


(Lee Alles 


representation of the chamber angle structures as they frequently 
relate in the presence of a prominent ring of Schwalbe 
, ring of Schwalbe 
, corneoscleral trabeculum, relating to the 
at corneal end wedging between septum and uveal trabeculum; 7r., [ 
ciliary 


Desi 
leral 
spur and septum with a few fibers 
(mer.), uveal trabecular 
spur and other wedging 
some fibers also entering 


D. endo., Descemet's endothelium ; 
bulging into anterior chamber; S 


muscle and tip of 


iris fiber (iris 
bridging as 


process), inconstant im 
atavistic pectinate fibers 


Figure 9B shows a more magnified view of 
the ring. The two portions of the ring which 
were mentioned before show up well: how 
ever, it contains only a small amount of 
elastic tissue, 

Figure 9 (A and B) (normal left eye of 


of 
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a 46-year-old man, enucleated because 
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Fig. 11 1, histologic section of upper chamber angle, right eye of a 79-year-old man 
Dese., Descemet’s membrane; Schw., ring of Schwalbe; S. sep., scleral septum; Schl., canal of 


schlemm; 7r., C. S., corneoscleral meshwork 


Tr., |). (mer.), uveal trabecular fibers related to 


the meridional ciliary muscle fibers; 7r., U'. (cir), uveal trabecular fibers related to the radial 


and circular ciliary muscle fibers; 5. sp., scleral spur. 2B, gomoscopic view of same region 


previous to enucleation, showing narrowing 


the angle due to ciliary body tumor (a) 


moderately prominent ring otf Schwalbe; (+) engorgement of two limbal vessels; (c¢) atypi al 


verontoxon 


epithelioma of the lids and orbit) also shows 
quite well the connections between the bundle 
of circular fibers and the trabecular fibers 
These connections vary in different cases, 
but we were able to establish a certain pat 
tern, On the corneal side, fibers belonging 
to the corneoscleral part of the trabecular 
fibers (Group 1) are seen, which in our 
specimens were never incorporated into the 
ring. Internal to Group 1, one or more fibers 
of Group 2 may extend about 0.05 to 0.1 
mm. beyond the ring, between the corneal 
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stroma and Descemet’s membrane. The re- 
maining layers are incorporated into the ring 
(in the chamber side of the ring, fibers are 
seen which have their origin toward the 
inner, or anterior-chamber, aspect of the ring 


They lie against its mass and are continuous 


with the trabecular fibers of Group 3. Tra- 


becular fibers appearing to arise from the 
posterior part of the circumference of the 
ring may come to lie either in Group 2 or in 
Group 3. Also associated in some manner 


with the ring are the less regular trabecular 


= 


These 


their origin on the inner 


fibers of Group 4 fibers may 


surface of the ring 


or from its mass. When only one portion ot 
the ring contains elastic fibers, it 1s always 
the part from which the fibers of Group 2 
emerye \t times the entire ring contaims 
elastic elements, but in our sections these 
neve! extended imto the mnet1 uveal lavers 
of the trabecular meshwork (Groups 3 and 
1) 

Our findings with regard to the various 
portions ot the trabecular region when a 
prominent ring is een in the section are 


summarized ina 


thre 


chematic drawing ot 
10) 

which we 
howed 


Is in surpr ingly close agree 


chamber angle lig 
\mong the 
found 72, or 154%, which 


ment with our clinical 


(0 eve canned, 


we a prom 
nent ring 


slit lamp observation 


We divided the 72 cases into tour group 
(1 to 4 ) according to the degree ol 
prominence ancl noted a moderately prom 
inent ring I] time a prominent ring 21 
times, a very prominent ring 28 times, and 


an extremely prominent ring 12 times 

We rated the prominence ot the ring in the 
eve shown in Figure 114 as 2 Phis is the 
79-vear-old which was 


enucleated because of a tumor ot the choroid 


right eve ot a man 


to enucleation we saw a 


Prior 


prominent 


the 


ring at the periphery of cornea, Im ex 


ternal slit-lamp examination, and obtained 


a gomOscople VIEW In the view of the upper 


reproduced in Figure 118, the pearly- 


any le 


white line is well visualized. At 12 o'clock 
there is an anomalous vessel at the root of 
the iris. and there are two wide, abnormal, 
obliquely coursing vessels at. tiv external 
corneoscleral limbus. The unsharp, bulging 
displacement 0! the anterior line of the 


wedge ts due to an atypical gyeron 


especially hetween 11 and 


corneal 


toxon angle shows some narrowing, 


where 


lo k 


the iris root is pushed forward at a point 
corresponding to the site of the tumor, The 
histologic section (Fig. 11.4) goes through 
this narrowed area o} the anyvle ; the forward 
displacement of ciliary body and iris root ts 
clearly seen 

\nother example of a promiment ring lout 
of one of less pronounced degree (1+), 1 
given in Figure 12. This section (lett eye of 
a 74-vear-old man, enu leated because of 


coronic iridocvelitis with secondary glaucoma 


following cataract extraction) shows an un 


ular band and also cle Hon 
fiber 


usually long trabe 


strates the bridging ot the trabecular 


aot which | heen ciseu sec lore 
Ihe Ihe 


(yroups the chamber 


fiber does not against the fibers of 


3 and 4 at angle, but 


| 12.— Histologic section of amber ang! ia ‘ 

" proce Descemet’s membrane chw., ring of Schwalbe ef cleral septur 
/ cana ‘ emm ly ‘ corneoscieral rh ly me uveal trabe 
fibers related to the meridional ciliary muscle fibers; 7/71 cu uveal trabecular tibet 

radial and circular ciliary muscle fibers; S. sp., scleral spur 


U.(mer) 


Tr. ,U(cir) 
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rests agaist a loose meshwork, with result 
Ing Open space giving to the angle an ap 
pearance comparable to that see nin the eve 


of some animals. As will be ported out else 
where, we consider this to ly an atavisti 
formation. This bridging fiber, which reaches 
the fibers of Group 3 midway up the trabec 
ular area, undoubtedly corre ponds to the 
bridging iris processes which we observed 


LOMO ally 
COMMENT 


The accessibility of the trabecular region 
to external view depends on two or more 
factors on the deve lope nt of the s« lera at 
the limbus, and on how far forward the 
trabecular region extends. and possibly on 
additional factors, so far undetermined, re 
garding a dysgenesis which might limit the 
extent of the posterior corneal stroma and 
Descemet's membrane. The relationship be- 
tween cornea and sclera at the limbus is 
usually deseribed as heing such that the 
cornea fits like a watchglass into a groove 
formed by the sclera, in such fashion that the 
anterior edge of the scleral bevel extends 
farther forward than the posterior edge, thus 
effectively blocking the structures of the 
chamber angle to external view This de 
seription undoubtedly fits the situation in 
many instances. We have seen. however, that 
is not universally applicable. It is not rare 
to encounter, especially on the nasal and 
temporal sides, a narrow crescentic exten 
sion of the corneal tissue, so that in these 
areas the outer scleral edge does not reach 
as far forward as in other parts of the limbus 
This was noted and described by Kraupa,'* 
who stated that he found it In many eyes 
and added that in this region the deep layers 
of the cornea were not clear. but that a 
striated grayish tissue extended into them. 
Kayser '* also reported a case of posterior 
embryotoxon in which the cornea extended 
farther peripherally than is normally seen, 
so that he could survey the chamber angle 
freely. He gave no description of how it 
appeared, but Ascher ® has reported a case 
of partial coloboma of the « leral limbus 
which permitted him to visualize Schlemm’s 
780) 
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canal by external examination hus far we 
have not been favored with finding such an 
extreme case, and Ascher’s case remains 
unique 

The literature on the “posterior embryo- 
toxon of the cornea” and related structures 
has been discussed more thoroughly else 
where.” Here we wish only to make a few 
points 


Phe “embryotoxon” is more frequent than 
it would appear from the literature. and the 
trabecular zone can be observed in every 
patient by external slit lamp examination 
unless there are pathologic changes in the 
limbal areas 


The strands of iris tissue often seen to 
imsert into the ring of Schwalbe were de 
scribed by Axenfeld,' and he correctly sug 
gested that the whole formation might pos 
sibly be termed a rudimentary pectinate liga 
ment in man. These strands are not gonio 
synechias, as they are called by some authors 
(Remky,'? Paufique and others,’* and 
Sakié '"). Neither should the formation be 
designated as hyaline membrane (Mann *), 
although it does indeed frequently impress 
one as such on external slit lamp examina 
tion 

The fact that there are no hyaline mem 
branes, but that the formation represents the 
trabecular zone and a prominent ring of 
Schwalbe has been established by slit-lamp 
gonloscopy. Busacca and Pinticart 2° had 
already observed such a case with the gonio 
scope and concluded that there was a prom 
inence in the area of the anterior white limit 
ing membrane, in the terminology of these 
authors. They believed. however, that the 
prominent line is made up of a thickening 
of the scleral septum. We think it doubtful 
that the ring is scleral in origin. While the 
circular fibers take the same stain as the 
scleral septum and the scleral spur, and even 
stain a little more darkly, the anterior layers 
of the trabecular fibers of Group 2 insert 
hetween the scleral septum and the ring in 
so positive a fashion that there can be no 
actual connection between the two. \lso, the 


trabecular fibers of (sroup 3 are continuous 


+ 
a 
: 


Hu 


with the file within the ring, suggesting 
that its fiber elong to the trale ular svster 
Because of the frequent association of a 
prominent anterior border-ring of S hwalbe 
wit other congenital anomahes, such a 
hypoplasia of the tri troma, corectopta, 
polyeoria, and extensive remnants ot the 


pupillary membrane, the question ot tts 


yenlesis 1 or ome importance l’revious 


writers have attributed it to an abnormally 


prolonged contact of the corneal periphery 


with mesodermal tissue, or to an inadequate 


absorption of mesodermal tissue during de 


ve lopme nt of the angle of the anterior cham 
ber. Both thought ire closely connected and 
derive from the attempt to explain hyaline 


membranes, hyaline rings, or corneal opact 


of the 
these 


ties 


assumed to exist because clinical 


appearance of the limbus in CaSCS 


Since tl 


ere actually are no such membranes 
or opacities present, the theories thus tar 
expressed miss the mark We have evolved 


a new concept ot the development of the 


angle of the anterior chamber, according 
to which this angle opens by cle avage, rather 
than atrophy, and we consider the prominent 
ring to be due to 
of cells These 


documented in the succeeding paper 


an excessive laying down 


views are elaborated and 


It is difficult to evaluate the connection 


between the prominent ring and glaucoma 
We consider it doubtful that the ring as such 
the glaucoma and_ think 


1s responsible 


rather, that where a glaucoma exists it 1s 


due to associated anomalies of the iris and 
chamber angle 
\s to terminology, we have already stated 


that the term “congenital hyaline membranes 


on the posterior corneal surface” ts inade 
quate and should be discarded The term 
“embryotoxon” is meaningless once the 


nature of the condition is understood and ts 


ambiguous insofar as it has been used by 


some authors interchangeably for the prom 


inent ring and the faint ring-like opacity 


formed by the trabecular region. The expres 
sion “posterior marginal dysplasia of the 
cornea,” 


suggested by Streiff,? 1s not quite 


correct, since one is not actually dealing with 


i corneal dy plasia ind is even le correct 

hen it is used to include the severer meso 
dermal abnormalities of iris and chamber 
angle. In this respect the designation “dys 
genesis mesodermals corneae et iridis’ of 


Rieger or if one accepts Llavedoorn’s 
criticism, “dysvenesis mesostromalis cot 
neae et iridis,” would seem to be preferable, 


although they might seem somewhat tor 


midable for the frequently seen simple torm 
We are that 


severe abnormalities may be 


of a prominent ring aware 


associated with 
the trabecular may be ab 


it and that zone 


normally wide and the ring very prominent, 


but we have no single term to offer to cover 
all We 


structures be what they 


abnormalities that these 


called 
the trabecular zone and a prominent line ot 


Schwalbe 


suggest 


actually are 


SUMMARY 
[he trabecular region visible at. the 
periphery of the posterior corneal surtace 


in almost every person in external slit-lamp 


examination, appearing in broad direct focal 
Hlumination as a band of grayish, translucent 


tissue showing fine crisscross or regular 


striations. This band considerably differs in 


width in different persons and in different 
regions of the limbus. This same tissue 
appears to have a “golden glow when 


studied with a very narrow slit-lamp beam 


15% of all 
trabecular 


In about 
the 


patients examine ad, 


region ended corneaward im 


a more or less prominent whitish line, often 
bearing clumps of pigment 


This 


a promine nt anterior horde r-ring of 


line was identified by gonio 
ch valbe 


\ prominent anterior border-ring ts often 


associated with mild to severe hypoplasia of 


the anterior stromal layer of the iris and 
other congenital anomalies, such as core 
topia, polycoria, ete. It is congenital and 
familial 

\ 


\ prominent ring may be associated with 


vlaucoma, but it is our impression that the 


ring itself is not causally related to the glau 
coma 


Histologic studies of the trabecular region 


are presented 


\mong 600 sectioned eves a 


7#1 
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prominent anterior border-ring was seen 72 
times, and its histologic features are reported 

With regard to the genesis of the promi 
nent ring, it 1s our conclusion from embryo 
logic investivations that it is due to an ex 
ct ive laying down of cells and exce ive 
relative growth, not to a lack of resorption 
of mesodermal tissue \bnormal iris pro 
esse bridging from the iris root to the 
trabecular meshwork and prominent ring 
are an atavistic tormation 

Congenital hyaline membrane at the 
posterior corneal surface,” as applied to the 
formations deseribed in this paper, do not 
exist, and this term should be dropped. The 
term “embryotoxon” 1s ambiguous and su 
perfluous; “posterior marginal dysplasia of 
the cornea” is not an entirely correct desig 
nation; “dysgenesis mesodermalis (or meso 
tromalis) corneae et iridis’” is better, but 
we suggest that the structures under con 
ideration should simply be referred to a 
“trabecular zone” and “prominent anterior 


horder-ring of Schwalbe 
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Vow concept 


he Devel 
oO the eve opment oO 


Its Relationship to Developmental Glaucoma and Other Structural Anomalies 


LEE ALLEN 

HERMANN M. BURIAN, M.D 

and 

ALSON E. BRALEY, MD., lowa City 


reported the 


dentification Dbryotoxon cornene 


enteld glassy-appearing 


poster | 


membrane peripise of the posterior 


corneal uri , a the trabecular mesh 


ind othe anterior border-ring oft 


Schwalbe 1 the case available to ou lor 


complete study this identification was done 


through external and gomioscopic examina 


tion and by histologic diagnos leurther 


a careful histologic 
O00 


assurance was by 


study of the chambet angle region. ot 


collection We 
about the 


eves in our pathology also 


searched for new facet structure 


of the normal chamber angle to serve a 


basis for the interpretation of abnormal 


appearance in clinical cases. This led, in turn 
to developmental and comparative anatomi 


which 


ported here and some in a succeeding pub 


investigation,* some of will re 


lication 


\ new concept of the manner in’ which 


the chamber angle develops formulated itself 


as evidence from the separate studies was 


integrated It began to appear that the cham 


ber angle does not open by a process of 


atrophy with resorption, as stated in_ the 


accepted theory, but, rather, opens by a 


simple separation of two dissimilar layers 


of mesodermal tissue Formerly we had 


From the Department of Ophthalmology, State 


University of lowa College of Medicine 


assumed with others that a measurable 


quantity of emi mesoderm must be 
eliminated from between the 


ryons 


trabeculae and 


the iris root in order that the chamber may 


tended to the seleral pur region Vine 


theor that the angle open by a cleay 


required that we tind the mechanical 


viich could accomplish this aetion 


We sought causes in changes in form. vol 


ume, and relationships, and in the 
from the fetal 


developed adult eye We 


veometrn 


eve to 
found that 


imple relationship and the 


factor three 


influencing — the dimensional 


growth readily explain the pulling open of 


the anibe angle 


Verification of these new 


findings cleared 


the way for a better understanding of con 


ditions in which so-called mesodermal rem 


nants were thought to play an important 
should clarify. the 
All hist 


ections 10 in 


Held 


part. It structural situa 


inatomu tudies were done on tissue 


by the 


trie thod 


thickne 
Held-Var son, and 
those 


yections stained 


Mallory 


tained with hematoxylin and eosin 


nearly all eyes. The recognition 


and their differential cor nitration 


character, and boundarte of size and characterists 


appearance ot within each group, at 
cleavage lines and 


points of imserth hetween 
ouy 1s dependent upon the ol ection 
M hy 


and upon differential stan observa 


tions recorded cannot he ection 


ally in tetal eve ahere there 1 pace 


bety i cell nuel in the mesodermal that 


delheate. but 


the compactne obliterate { 


feature Mr 
topatl ologi 


rtant, 


Lindorfer made the prepara- 


specimen of con 
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In a previous paper! 
were available lor 
sistent excellence 


ee 


tions in developmental glaucoma, and it 
might eventually lead to improved methods 
of dealing with these entities, either surgi 
cally or pharmacologically 

The most important observations and con 
clusions from our studies may be listed as 
follow 


1. The chamber angle normally opens by 
a simple splitting apart of two distinct layers 
of mesodermal tissue. (in the anterior (ex 
ternal) side of the plane of separation, the 
cells of the trabecular tissue clearly have a 
differential concentration and architectural 
arrangement, even before cleavage of the 
chamber angle begins. As may be judged 
from the structure of the normal adult tra 
beculae, these cells are so constituted that 
they will not adhere along their sides to 
adjacent cells, but, for structural purposes, 
adhere at their ends to form long fibers and 
stellate junction In this way, the spaces 
hetween the fibers are created and main 
tamed, The innermost layer of cells (those 
nearest the anterior chamber) follows the 
same rule, and, therefore, cannot adhere to 
the iris and ciliary body tissue, against which 
it had rested during early fetal life. Only 
abnormally oriented or differentiated cells 
may adhere to the latter tissues 

Posterior to the plane ol separation, the 
iris and ciliary body cells adhere in a differ 
ent way to each other, so that they normaily 
form a more homogeneous mass, which can 
separate as a unit from the adjacent trabecu 
lar tissue 


The opening of the angle by cleavage co 
incides with a period of unequal growth with 
in the region 


2. The number of cells laid down in the 


embryo and fetus, their position, orientation, 
differentiation, and growth, largely deter 
mine the appearance and functional efficiency 
of the chamber angle tissues. Some of these 
factors are easily demonstrated. Other fac 
tors which might have to be taken into 
account, such as improper timing im the 
development and abnormal environmental 
conditions, have not had adequate considera 


tion in the present investigation, 


784 


Ol 


OPHTHALMOLOGY 


3, [extensive unequal growth is a major 
lorce responsible for the opening of — the 
chamber angle. The magnitude of increase 
in volume of the chamber angle tissues 1s 
yreater than may be generally realized, and 
during this period marked changes in spatial 
relationships are achieved 

4. In the normal, fully developed chamber 
angle borders of cell groups tend to be dis 
tinct both gonioscopically and histologically 
The fibers in the human trabecular mesh 
work tend to have constant thickness and 
clear boundaries, and their reticulation has 


an almost geometric character 


5. In many congenitally glaucomatous 
eyes, the boundaries of the cell groups are 
less distinct, the cells of the trabeculae are 
less regularly organized into fibers, and the 
reticular pattern is less geometric and more 
diffuse and homogeneous in appearance than 
in normal eyes. This suggests poor differ 
entiation. The inner uveal trabecular tibers 
are frequently only one-half to two-thirds 
as long as those in the normal chamber angle, 
and the base of the trabecular area is some 
what thicker than normal. Schlemm’s canal 
and the surrounding corneoscleral tissues 
are often extremely abnormal. Schlemm’s 
canal may be absent and the region filled 
with sclerotic tissue In most of these eves 
the cleavage between the trabecular mesh 
work and the ciliary and iris bodies has not 
been completed ( areful study shows no 
demonstrable total excess of tissue, but, 
rather, an imperfect organization and dis 


tribution 


6. Prominent anterior border-rings — of 
Schwalbe and pectinate ligament features, 
present in some anomalies, are not the result 
ot incomplete atrophy They have positive 
structural characteristics and are usually 
accompanied by a high degree of organization 
of the trabecular meshwork and of the cells 
in Schwalbe’s ring. Special groups of cells 
strategically located, which create these 
prominent features can be seen in fetal eyes 

7. Combinations of two foregoing situ 


ations (5 and 6 lo occur: therefore they 


should not be thought of as exact opposites 


2. 
| 
° 
|| 


Cif 


IMBER INGLE IN GLAUCOMA 


Each 
what we have considered normal 
find a 


each and varieties in combinations ot} 


consists of several digressions from 
(One must, 
wide variety ol 


therefore, expect to 


them 

8 Since no measurable amount of tissue 
is lost during chamber angle development, 
and the excessive or abnormal forms seen 
are not “remnants,” such a term as “meso 
dermal remnants” or “persistent fetal tissue” 


should be discarded 


ATROPHY 


THEORY OF DEVELOPMENT Ol 


ANTERIOR CHAMBER 


used to 


The 


describe the process by whi h the chamber 


term “atrophy” has heen 


angle extends backward, exposing the tra 


hecular meshwork for efficient drainage of 


aqueous. It ts somewhat difficult to tell the 
exact meaning attached to the term by the 
various authors. Since it is nearly always 
used together with the terms “resorption,” 


led 


used to indicate the loss 


“disappearing,” “absorbed,” ete., we are 
to beheve that it ts 
of some detectable quantity of a tssut which 
has been laid down in the embryo to serve 
which must 


fetal 


no known useful purpose, and 


degenerate and be eliminated during 
life. We have not been able to read into the 
descriptions of atropliy the mere differentia 
tion and parting of cell layers without some 
loss of tissue 

Much of the thinking on congenital glau 
has based belief that 


remnants of embryonu nie soderm are some 


coma been upon the 


times present to fill the filtration angle and 
thereby block the passage of aqueous out of 


the anterior chamber into the venous sys 


tems It is not explained why the tissue 


should be there in the first place, or how the 
supposed atrophy can come about and pro 


yress just to the desired limit in the normal 
J 


eve 
The “atrophy” and “remnant” theory ha 


been the rationale behind the choice of sur 


gical procedures and the invention of new 


pro edures and techniques in the treatment 


of congenital glaucoma.*’ There is now an 


increasing accumulation of evidence and 


opinion that infantile glaucoma and surgical 


failures are con 


due to pathologie, 
genital, or developmental anomalies than 
mesodermal remnants.t Perhaps 1t will be 
that 


succeed for reasons similar, but not identical, 


shown gomiotomy, gonropuncture, el 


to those hitherto consicde red to he correct 
lf one can demonstrate that no mesodet 


mal remnants are involved in congenital 
glaucoma, and if the literature can be relieved 
of the misleading concepts ot “atrophy” and 
“remnants.” new efforts can be made toward 
finding the causes of developmental glau 


Cola 


rom Seefelder’s time onward,® all invest 
gators appear to have interpreted an area 
ot loose , rie sh like mesoderm, lying between 
the developing trabeculae and appare utly the 
iris and ciliary body, as a tissue undergomg 


atrophy Anderson,’ with whom we agree 


on much of the morphology of the trabecular 
tissue and interpretations of comparative 
anatomy findings, still subseribes to the the 
“remnants im his 


\s late 


Ida Mann aceepted this theory in 


ory of “atrophy” and 


monograph on congenital glaucoma 
as 1947, 
describing the development of the angle. In 
her chapter in Troncoso’s hook on gonios 


copy,” Mann states 


Probably from a practical point of view the most 


important phase ot development of this region | 


the proc of atrophy of the mesoderm at the its 


root amount to which this takes place in dit 


ferent iduals determune ery largely both the 


d the functional efherency 


oft thi 


pic appearance a 


important region 


NO factors are test 


the 


doubt hereditary 


fundamental in determining number 


position, orentation and ditferentiation 


the cells in this region, and thus in deter 
mining the development and final form ot 


the area, subject only to abnormal condition 


in the embryonic and fetal environment 
Evidence of heredity ts difficult to « tablish 
in normal angles, but is found in deviation 


anvles contaming 


valhe 


from the normal, as in 


prominent rings of and rudimen 


tary pectinate ligaments 


Maumenee \ i 


communication to the 


and sche 


+ Shaffer, R 
H Per 


onal author 


e 
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EVIDENCE OF CLEAVAGI adhere abnormally to the opposite tissue. We 


(our collection of fifth- and sixth-month beheve that in many cases this is due to 


fetal eves contains many sections where the @bnermal cell orientation and slow or faulty 


appearance in the plane of the developing differentiation, but that in most of the nearly 
ping 


chamber angle is that of a loose meshwork normal eyes these adhesions are tenuous, 
The tissue looks exactly like that in pub and fail under further increase in tension 
lished photographs purporting to show the However, adhesions may persist U roughout 
‘resorption’ type of atrophic proce liie in scattered areas of some eyes, and over 


\iter findmy a number of fetal chamber the entire circumference of the chamber 


angle wl ich, at ilar stage ot deve lop angle Ina Tew 

ment, contamed none of this “loose mesh It an adhesion 1 trong, but only two or 

work,” we felt the need for a new inte rpre ta three cell are couple | love ther it will 

tion of this appearance. After further study, bridge the angle until tension breaks the ; 
we beleve that the loose meshworl repre strand after the cells have exhausted their 


ent tisste under tension ina situation ability to lay down collagen Where the 


where a few cells on one side of the cleft break is near the trabeculae, not much, if 


Schw. 


big. 1.— Upper quadrant of chamber angle O. D. of Patient R. L., a man, aged 36. Scher 
prominent anterior border-ring ot Schwalbe; a, pigmented fibers detached from the iris and 


adherent to the trabecular band; b, one of several pectinate ligament strands bridging the angle 


big. 2.-Lower quadrant of chamber angle O. S. of Patient M. B.. a man, aged 29. Schr 


prominent anterior border-ring of Schwalbe; b, pectinate ligament strands; c, iris processes; d, 
one of several clumps of heavily pigmented iris tissue separated from the iris during cleavage 
and adherent to the ring of Schwalbe 


q 
= 7 
Schw. 
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220 mm. tetu 


rad 


anv. evidence will be seen in the full-grown eihary body band, a 


4 thes comstitiuite What 


all the basal band of the am 


eve Where the break is near the o1 


ciliar od thread-lke fiber sometime 


pigmented may een von copically on Proncosco and other think of 


the idult trabecular zone is demon trated an th ire: as bemy related to thre 


animal pectinate ligament, an opimion 


oupled in these we coneur, as we shall discuss lates 


will not breal thick clumps Of ints tissue 


( pectinate fibers lroncosco such oa iown at doin igure are torn 


trabecul: processes ( Busae away from the iris and left upon the trabecu 


adult ang lac and anterior border-ring of Schwalbe 
hown ] and 2 In ection trom fifth ana ixth 
thread ail i] thei length mont fetal eve 1 no Jose ive 


angle and dermal hworlk The tissue on wh 


CHAMBEI INGLI IN GLAUCOMA 
ection (Mallory stam) through the chamber angl ta Cleavage 
ru t between the inner iiace (a) of the uveal trabecular ti 
ary body ma rhe apex of the tet ingle (c) wall separate next 
te it least a Ta i Tew cel miter! il { andl ligl tly na 
the scleral spur. /r., iri ciliary body; Cor clera 
at ain Figure | 
bridging threads that they 
: 
the collection o iffer and Maumenee, reproduce 1 | permisss ( jeavage as pro 
rm partion cleat ut mam ! thie minent ring oft valhbe 
ote t . harply outlined imprint of the ring | chw.) upon the root of the wm Ir, developing 
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of the potential chamber angle is compact, 
and the various layers can be studied. No 
sign of disintegration is apparent in these 
tissues. Only a clean, simple splitting is tak 
ing place along a line between the trabecular 
zone and the ciliary body 

\ question as to whether the separation 
might, in accordance with the cleavage 
theory, continue far enough to separate the 
ciliary body from its insertion into the scleral 
pur is not valid. The plane of separation 
passes several cell layers internal to the scle 
ral spur, thus avoiding its possible disinser 
tion 


PATTERN OF CLEAVAGI 


The opening of the angle by cleavage 
follows the rather typi al pattern indicated 
on Figure 3. Where no excessive cells are 
present to form prominent rings of Schwalbe 
or pectinate strands, the schism occurs ex 
actly along the inner layers of the uveal 
trabeculae (lig. 3, a). The first separation 
is generally seen over the massive portion 
of the fetal ciliary body (Fig. 3, >), which 
is developing in a different direction and at 
a different rate from the trabeculae. In many 
sections of fetal eyes there is adhesion to 
one or more cells exactly at the apex of the 
fetal chamber angle (Fig. 3, ¢). This may 
he due partly to the presence of factors 
tending slightly toward the formation of a 
pectinate ligament, since this is the position 
in which it is found in other mammals. These 
adherent cells eventually separate, allowing 
the cleft to unite with the fetal anterior 
chamber, At this time the peripheral one-half 
to one-third of the trabecular meshwork is 
still in contact with the ciliary tissue. The 
cleft then extends gradually beyond the 
scleral spur, in the region marked d in Fig 
ure 3. As will be pointed out later, the failure 
of this latter part of the cleavage to take 
place may account for some of the features 
present in cases of congenital glaucoma 

The cleavage does not always begin over 
the region of the ciliary body. An extremely 
neat and clear-cut cleavage was present in 
a 100 mm. fetus from the collection of 
Shaffer and Maumenee ( Fig. 4), reproduced 
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by permission. Here the cleavage is begin- 


ning at the apex of the fetal angle, the 
approximate original location of which is 
indicated by the dotted line; a well-formed 
ring of Schwalbe containing many nuclei has 
separated from the root of the iris, where it 
has left a deep imprint; the line of future 


cleavage can readily be discerned. 


CELL LAYER COUNT AS EVIDENCE AGAINST 


THEORY OF ATROPHY 


The number of cell layers between the 
rudimentary Schlemm’s canal and the pig 
ment epithelium of the ciliary body in the 
fetal eve was compared with that in the same 
structures in the adult. Figure 54 is a see 
tion from a 120 mm. fetus just prior to the 
opening of the chamber angle. The potential 
cleft is seen as a nearly straight clear line 
passing from a, at the apex of the fetal angle, 
through ¢ to the potential apex of the adult 
angle, at >. There are approximately 12 
layers of cells between the rudimentary 
Schlemm’s canal, at d, and the cleft c. There 
are approximately 15 lavers between ¢ and 
the ciliary epithelium, at « 

In the adult angle of Patient E. E., pic 
tured in Figure 528, the ciliary body is in a 
somewhat forward position, so that the for 
merly adjacent mesodermal tissues are not 
too far separated for easy identification. Cell 
layers comparable to those in the fetus can 
be counted with assurance. There are 15 
layers between Schlemm's canal, at d’, and 
the inner surface of the trabecular tissue, at 
c’. There are approximately 25 layers be 
tween c’, on the root of the iris, and e’, at 
the ciliary epithelial surface 

Similar comparisons were made between 
fetal and normal adult eyes in which more 
care was needed in identifying the irido 
ciliary tissue originally adjacent to the tra 
beculae. The averages indicate that there is 
an increase of several cell layers, instead of 
any decrease 

Thin iris roots seen in some adults have no 
fewer cell layers than can be found in the 
comparable region of many fetal eyes. It 


can be assumed that in such adult eves the 


M 
: 
it 


CHAMBER ANGLI GLAUCOMA 


(Held stain) throug amber 
predicted apex ¢ adult angle 
to Approximately 12 layers of trabecular fiber 
at c, and Schlemm’s canal, at ¢ \pproximately 
iris-ciliary body tissue betweet 
ection (Held stain) through the chamber angle © 1). of Patient bk. | a man, aged 74 
counted between c’, at the imner surtace ol 


oximately 15 layers of trabecular fibers can be 
ork. and d’. at Schlemm’s canal. Approximately 25 layers of cells can be counted be 


| 
he cihary process 


he anterior surface of the iris-ciliary be tissue, anid « ex 


area comparable to that between ¢ and e in 


iris root was thin to start with and that little and variations in the amount of each im dit 


thickening took place WM that region during ferent reyvions, contribute to chanye ot torm 


the period of prolieration in other parts of © during yrowth 
Phe amount of volume increase still to be 


the uvea 
achieved in the entire eye, and therefore in 


VOLUME AND FORM CHANGES AY Im the chamber angle region, after the fourth 
CHAMBER ANGLE DURING GROW = fetal month may net be univer sally recoy 
Lhe growth processes im the region o1 the nized. A full undes tanding may he Ip toward 
chamber angle include ditferentiation, pro appreciating the extent of the prohferation, 
liferation, cell growth, and cavitation, with 
its attendant fluid filling. The special require the structures to ther final 
vy, and will easily show that atrophy 1s 
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cell growth, and cavitation required to bring 


form and effi 


ments placed upon each of these processes, creme 


if B 
1 thy 
visible 
hetwee 
can 
R 
\pprt 
the n 
tween, 
|_| 
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not a requirement for the opening of the ther forward, as indicated on the Figure 
chamber angle. We shall, then, consider first The distance between the anterior border 


the size increases as a suitable background ring and the scleral spur in the adult (Fig 


against which to judge the specific growth 68) is two and one-half times as great 
proce U as in the fetal eve (1 iw. © | The increase 


im area equals approximately the square Ol 
MAGNITUDE OF GROWTH OF CRO 


this distance. In other words, the cross-se¢ 
AREA Or THE ANGLI 
tional area had increased 6.25 times 
In histologic cross sections, which are This increase in cross-sectional area 1 


essentially two-dimensional, the magnitude 


ol ize change during cle velopment is onl 


well appre lated upon noting that almost the 


entire cross section of the trabecular mesh 


weer 
partly evident. [lowever, some conception work, cillary body, and iris of the eve of the 


an be derived from comparing the fetal and — 199 my. fetus shown in Fivure 64 could be 


the normal adult structures, as done in ligure | 


enclosed within the dotted outline of the 
OA and 2B. The rudimentar scleral pur can adul 
acduit 


trabecular region alone, shown = in 
« seen im the 120 mm. fetal eye as a con Figure 6B 
densation of tissue at S. sp. (Fig. 6.1), al 
though seattered deep staring cire ular fiber INCREASE IN TOTAL VOLUMI 

are present even much farther forward. The Some concept of the volume increase may 
potential anterior border-ring of Schwalbe be gained from Figure 7, in which the sizes 
can be predicted at Schw., although the most of the combined eihary body and iris of a 


external uveal trabecular fibers extend far fifth-month fetal eve are compared with the 


big. 6 1, section (Held-Van Gieson stain) through the ciliary body of a 120 m1 fetu 
h rudimentary anterior border-ring of Schwalbe; 7,r., trabecular cell sp., rudimentat 


cleral spur: W, region to be occupied later by the radial and circular 


iris mesoderm; Cor., cornea l clera 


KB, section (hematoxylin-eosin stain) through the chamber angle of normal right eye 
Patient, fF. M., a man aged 57. Labels corresponding to those in 4 indicate the vast amount of 
must occur between these two stage Kk’, fully developed radial and circular 


ciliary muscle region; a, unusual posterior position of the anterior imsertior f inner uveal 


trabecular tiber 


anterior extension of, 
uveat trabecular fiber cefla: 


: 
A 
ciliary muscle tissue; 
. 
; 
bad ~ 
4% 
* ve = 


CHAMBER 


ciliary body only of a normal adult, Patient 
| 


in volume 


The eye has increased about 35 times 
and, 


the volume of the ciliar 


while it is difficult to estimate 
body with its irregu 
lar ciliary is assumed 


processes, its mcrease 


to be 


approximately im the same proportion 
During the change from the smaller to the 
larger volume a marked inequality of growth 


\\ 


earher 


is evident in the chamber angle region 


this 1s not emphasized enough by 


writers, it is hinted at in their statement 


Ciliary body and iris 
of 
5 month fetal eye 


Ciliary body 
of 
adult eye 


circle of the ims 1s anterior 


that the 


Mayor 


to the level of Schlemm’s canal earl] Wh «ie 


and that normally it 
point behind the 
(Mann*). 


shrink 


arrives at a 


adult 


velopment 


cleral 


pur in thre 


the mass of the ciliary body 


were to backward in the eve uch a 


change could be accounted for onl ly 


equality of growth 


It 3 mil leading to select the scleral pur 


as a fulerum or fixed point around which 


the growth and the changing relationship 


can be described, done by orn 


as Wa 


authors. Figure & shows that the 


geometric 


center of the eve would be a better arbitrary 


relerence pont to which growth changes 


night he related 


ASPECTS INFOUALITY OF GROWTH 
concentric cross sections ol 
the fifth-fetal-mont eve and the adult eve 


are represented bigure S21. The propor 


based 


measurements mentioned in the fol 


tions on which these cross sections are 


and the 


lowing considerations were obtained from 


Section of cornea 


Cross section 
of 
ciliary body 


Section 
of 
sclera 


Choroid 


ween the tape 


month fetal eves and two normal 


Phe diagram make clear the change 


which occur in the topography of the ints 
and body, and which suggest the 
lores required to open the chamber angle 
cleavage 

the external surtace of the cihary body, 
indicated between a and /, grows tour times 


in length, while side /-c increases 2.9 time 


and side c-a only two time Point ¢ would, 


therefore, appear to have moved backward in 


the adult eve. and side a’-c’ to have changed 


79) 


ANGLE IN) GLAUCOMA 
big. 7 chemat 
matic drawing showing t filthien th tet eve 1 
the normal adult globe, to illustrate the fold iced concentrically within 
two 
adult eve 
| | 


almost 


\ somewhat more accurate deserip 


its position by having rotated 
degrees 
tion might state that point a’ has grown out- 
ward and forward around point ¢’, but only 
relatively, since point c’ has also grown out 
ward, and possibly forward 

Phe change in the cross section of the 
ciliary body is shown even better in’ the 
purely geometric simplification in Figure 8B 
Points a, b, and ¢ represent the apices of the 
triangular cross section of the fetal ciliary 
body ; and c are 


points a’, comparable 


points in the adult eye. The growth ratios 


used above were also applied in Diagram 8B, 
The inequality of growth is further dia 
grammed in Figure 8.1 by the dot-and-dash 


line radiating trom the center of the two 


concentrically arranged cross sections If 


lig. 8 
the normal adult eye, 
centers of the globe 


B, superimposed cross sections (reduc ed to basic geometric 
of the fifth-month fetal and normal adult eyes 


surtaces 
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A. concentrically arranged schematic cross sections of the 
showing inequalities of growth of structures, as related t 
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growth were equal throughout the eye, radial 
lines passing outward through the ora serata, 
the scleral spur, and the anterior tip of the 
ciliary processes of the fetal eye would indi- 
cate that corresponding structures in_ the 


adult eye should grow in the direction of 


points d, e, and f, respectively. Instead, these 


structures have undergone an unequal dis- 


placement toward d’, c’, and e’ during 


growth, as indicated by the arrows at d, e, 


and f 


GROWTH PROCESSES CONTRIBUTING MOST TO 


UNEQUAL GROWTH AND CLEAVAGE Ot 


rHE CHAMBER ANGLI 


PROLIFERATION 


Proliferation occurs in the ciliary body 


and iris well bevond birth, but, especially 


fifth-month fetal eye and 
» the anatomi 


forms) of the ciliary body areas 
showing different growth ratios of the major 


A. MM. 
— 
r 
e / 
4x 
c : 
a 
d 
, \ 2.9y \ 
‘ 
| ‘ , 
/ 
9 
c 
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| imibe 


al trabecular tiber ire eon (fr), chee 


ring , deep amber 


( taining 
cleft begin 


trabecular tissue 


from the fourth fetal month onward, it aid 
in forming the chamber angle by altering the 


mass Its most 


relationships within the uvea 


noticeable contribution is perhaps related to 


the development of the radial and circular 


bundles of the ciliary muscle [hese are not 


present at the fourth month stage, and their 
subsequent growth yreatly changes the 


body. This ts 
Whereas there are no 


con 


tours of the ciliary clearly 
shown in Figure 6 
bundles in the fetal ciliary body, Fk 
6A, 


Figure 6B 


in igure 
they are well developed in area R of 


After the fourth month the in 


ement 


unber angle of a 120 mm, 


between a and / 


region 

md dy; 

ang fiith-month embryo: (a) Region 
p-amber-stam 
border 


uveal trabeculae (d) 


ting a rudimentary, minimal anterior 


gen of the developing 


and tl ris-ciliary tissue, at « ly va 


creasing mass of these bundles 1s effective 


in moving the ciliary processes and the in 
root farther and farther from the trabecular 


region. The result is that the ethary tissue 
formerly resting against the uveal trabeculae 
are pulled away, thus helping to « <tend the 


chamber outward and backward 
Proliferation is not recognized with cet 
itsell alter 


the fifth fetal month, although this might be 


tainty in the trabecular region 


the manner in which the outer coats of the 


trabecular fibers are created. The endothe 


lium of Des emet’s membrane may need to 


79 


@ 
© 
Bie 9 section Chematoxylin-eosin stain) through the 
large vranular nucle the uveal trabecular cel} 
The corneoscleral tlar fiber alt develop 
B, section (Held stain) through the ci! 
in wh  moderatel developed corneosck 


OF OPHTHALMOLOGY 


proliferate outward and then around the = granular cell nuclei, which are differentiated 


collaven trands of the trabecular fiber ( and are ready to lay down the collage n fibers 
the other hand cell simular to those of of the uveal trabeculae, : ! ognized 
Descemet’s endothelium may be endogenou between points a and / the 
here lor the rest thre trabecular fiber corneoscleral portion ol the 
appear to enlarge their ma by cell growth worl appear i hecornn 
manner ‘ ause the rudimentary 
meshwork can nt x int area 
higure 9A is a high-power view of between candd. H ‘nucler are smaller 
hi tolowi ection of the chamber angle ‘ than in the 
120 mm. fetu \ concentration of larg granular in appe 
mont! (trom | afte \ ne! reproduced 
tent adherence 
anterior border 


on (Mallor 
indicated 
ifea ly 


meridional 


corte 
quadrant chamber ine of Patient 
ection of O Drawing iy from actual 
largely hidden by 
be abnormall 

id 


Persistent 
adherence 


"2 


3 


- 
; / ta throu t chamber a (). D. of Patient M. M., a in : 
iwed 1% tal glaucoma hie er tent adherence of tl ris t to the trabecul 
t we orly differentiated as | reanized trabecular t een the 
bracketes chu inatomic position of t interior border-ring ot ( 
M M for compari ! it thie 
view im gomoprism mirror. The 
‘ ri t ( i! pl ‘ ( ita 
are ! reerated i i tre 
| 
\@ 
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CHAMBER NGLI IN {COMA 

without a comprehensive study whether 
there are in a given specimen just enough, 
too many, or too lew cells present i the 


whole trabecular region to produce a normal 
trabecular structure, [lowever, by compat 
ison with eyes ol approximately the san 
fetal stave in which obviously excessive num 
bers of cells are seen the picture presented 


in Figure O41 is judged to be a normal one 


Figure OB is an oil-immerston view of the 
chamber angle ot a 220 mm, tetus It show 
the orneo leral me hwork well along in 
cle elopment at a hie cell of the uveal 
Wie | orl are actively laving down collagen 
it’ th taye The ne wht produced collagen 
tale i deey mber to brown color im the 
stan unlike either cemet’s mem 
brane or older collayen fibers \ section 
throug] three ot these new fibers arranged 
in a spiral manner, indicating a rudimentary 
minimal anterior border-ring of > valle 
is seen at (other uveal fibers are develop 


of the chambet any le 


cleavage 1 een at d and cells ot the ciliary 
baov and iris root are at ¢ 

Phe general impression gained is that the 
cells of the uveal trabeculae nearest the edge 
of the endothelium of De cemet’s membrane 
differentiate and become active a little sooner 
than those nearer the scleral spur \s can 
he seen in Figure 9-1 the largest nuclei ot 
the uveal tral ular lavers are at a hie 
dark-staining new collagen appears first im 
this position, sometimes a early as in 150 
mm. embryos, Thi material is not easily 
identified in section tained with hematox 
vlin and eosin, but it is a clear blue colot 
with the Mallory stain, and amber to red 


with the Held and [leld-\Van Gneson stam 


Vou rot OoRMATIE 


the chamber angle is an 


Phe 


example of increasing volume by 


Cpe ning ol 
cavitation 


Unequal vrowth of surrounding tissue and 


cleavage have been shown to be major Tactot 


\ somewhat similar, but le 
takes 


in this action 


obvious, increase in volume place 


within the trabecular meshwork, between the 


fibers \pparently, the cells in this organ 


constituted that they do not adhere 


are 


to adjacent cells along thei sides if they 


differentiate as required tor normal deve lop 


ment. They adhere only at the tips ot the 
collagen fibers in order to form long, smoot! 
chains or stellate umons ol several fibers 
The tibers are then tree to be displaces 
independently of the adjacent fibers, ane 
measurable space can he found betwee 


them. [his ts partly due to the tact that the 


rabecular cells extend their mereasing mas 
lengthwise during growth. Also, the cornea 
and scleral cells, at either end of the imsertiot 
of the trabecular fibers, grow much thicke 
and tend to wedge the trabecular fibers apart 


| 
| 


Similarly, the normal proliteration and cell 
growth in the ciliary body wedge the u eal 
trabeculae apart at thei uveal end 

If the development 1 normal m cornea 
clera, and uvea the trabecular ther are 
kept somewhat taut, contributing to the 
maintenance of space between the fiber lay 
el \s the uvea change the layer 
cell rial Wig up thre hworl are ree to 
hift or slide. Thus, as the trabecular region, 
the scleral spur, the meridional ciliary muscle 


ete 


filve 


ward around the im 


insertion, 


root, ible te 


po 
the inner uveal trabecular tibers to contin 


their imsertion 
body 
growing in the direction 


\ ed 


deve lop and in order to make and keep the 


to elongate 


the ciliary and iris root, which are nme 


the spaces diseu are beginning 


patent, they must hve filled Ihe first produ 


tion of aqueous ha 


o that the fluid may serve thi 


Com id 


purpeo 


ent growth of the proce 


upports thi theory. Just to balance the flu 


volume against the cavitation may be all that 
is necessary, but it 1 conceivable that. the 
aqueous pressure contributes dynamically to 
the cavitation 

Phe posterior and anterior chambers con 
titute. in a sense, a unit in wl ich the pre 
sure, as tar as our pre ent imterest is con 
cerned, is the same. The nuild balloonmy of 
filling effect of the fluid pressure w ithin thi 
unit creates adequate space vithin which 
normal growth processes can take place 


ard and ton 


le 


appar ntly heen timed 
hve 
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Cavitation AND 


Perhaps in this way synechia formation is 
prevented 

Possibly, the newly formed aqueous helps 
to open the angle by actively “wedging” the 
tissues apart. Hlowever, this action cannot 
be limited to the anterior chamber. There is 
at least as much pressure behind the root 
of the iris as in front; so the “ballooning” 
or “wedging” must also help to move lens, 
lens zonule, and ciliary processes backward 
(our feeling is that the aqueous pressure is 
normally litthe more than enough to fill the 
growing cavities, and therefore the impor 
tance of properly balanced fluid tension must 
he emphasized 

PERSISTENT FETAL ADHERENCE AS A 
CONTRIBUTING, FACTOR IN DEVEI 


OVPMENTAL GLAUCOMA 


etal chamber angles in which the uveal 
tissue is adherent to the trabecular zone have 
heen seen by Shaffer, Maumenee, and 
well as by others (see the litera 
igure 104 


hows the chamber angle of a fetus from the 


chev al 
ture cited by \nderson 
collection of Shatter and Maumenee, repro 


duced here, with their permission.§ A prom 
nent ring of Schwalbe is seen at the anterior 
edge of the still actively growing trabecular 
meshwork The trabecular mass appears to 
he torn away from the cornea approximately 
in the area where Schlenim’s canal should be 
found, Sehlemm’s canal cannot be identified 
In spite ol the ave of the fetus, the ciliary 
body does not appear to be well developed 
lhis may contribute to the adherence of the 
peripheral uveal tissues to the trabecular 
tisste The adherence cove»nrs approximately 
the posterior half of the meshwork The 
adherence might have persisted to the adult 
stave, so that the chamber angle might then 
have presented the picture so commonly mis 
interpreted as embodying “mesodermal rem 


t Shaffer, R. N Maumenee, A. F 


iH Personal communications to the authors 


and Scheie 


$ No information about the age of this fetus is 
available. It is our impression that its age is 
approximately &4% fetal months, and Dr. Shaffer 
concurs in this opinion 
7% 
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The chamber angle of the congenitally 
M., aged 


enucleated after trauma, shows 


glaucomatous eye of Patient M 
IX years 
persistent adherence of the posterior half of 
the meshwork (Fig. 10B). Other typical 
developmental features are also seen. The 
trabeculae are poorly formed, lacking the 
normal geometric structural appearance. The 
collagen, the elastic fibers, Descemet’s mem 
brane, and endothelium appear not to be 
organized, so that they make up an irregu 
larly interwoven form. In other words, the 
collagen is not always surrounded with any 
or all of its covering layers, nor are the 
lavers found in an organized relationship to 
each other 

Perhaps partly as a result of this diffuse 
ness of elements, the inner uveal fibers are 
about one-third their normal length, .\sso 
ciated with this, the circular ciliary muscle 
bundles are situated far forward. Schlemim’s 
canal is absent 
Phe base of the uveal meshwork is fanned 
mto abnormal width, but, while this may 
cem to indicate excess material, it is not in 
the nature of the so-called me odermal rem 
nants. lairst, if the material within this area 
could have differentiated normally and could 
have been properly distributed, some of it 
might have gone into tripling the length of 
the innermost trabecular laver. It would then 
probably be seen that no excess exi ted 
Second, the material is within the trabe« 
ular mass, and not in the apex of the chamber 
angle 

The other eye of the patient was found to 
have an increased intraocular pressure \ 
trephining controlled the pressure, and a 
gomoscopic drawing (Fig. 1OC) was made 
lhe very thin iris was seen to be attached 
near the anterior border of the trabecular 
tissue. Some ciliary processes were incar 
cerated in the trephine opening. The ciliary 
processes (a) which were not incarcerated 
seemed to rest far forward against the poste 
rior iris surface. The first eve was not seen 
gomoscopically, but undoubtedly gonioscopy 
of that eve would have revealed much the 
same appearance as that in the second eye, 


except for the surgical coloboma 


a 
x 
‘ 
nant 
< 
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CHAMBER ANGLE IN) GLAUCOMA 


\nother eve in our collection, trom a 


patient with infantile glaucoma (M. T., aged 
5 years) showed, aside from a secondary 


membrane across the angle, the same anom 


alies as did the eyes of the previous patient 


Here, again, Schlemm’s canal could not be 
identified in any 


filled 


trabeculae 


section, the region being 
The 


their 


completely with sclerotic tissue 


uveal were about one-halt 
normal length and lacked somewhat in or 


ganization 


From these and other examples we con 
cluded that a salient feature of developmental 
vlaucoma was a failure of the normal devel 


opment of the trabecular 


system, through 
which opening of the chamber angle by cleay 
Phis 


a failure of cellular 


age was incomplete or absent abnor 


malitv may result trom 


differentiation or from a failure of aqueous 


to form at the proper time or Irom a com 


bination of the two 


The favorable ettect of gomotomy can 


he ascribed to a breaking through the pet 


sistent fetal adherence of the chamber angle 


structures or through abnormal trabecular 


in some case both, with cor 


responding 


increase in aqueous drainage 


Phe result would thus be the same as though 
hypothetical me sodermal remnants had been 
cut through 

LIGAMENT ELEMENTS 
ST ANTERIOR BORDER-RING 


CIIWALBI 


Fibers in the chamber angle, reminiscent 


of the pectinate ligaments, and the pearly 
white, anterior 


both 


The predisposition to glaucoma of pa 


promuine nt 


Schwalbe 


border-rings ot 


have been deseribed long 


avo 


tients with moderate to extensive 


pectinat 
well estabh shed 


in which these 


ligament anomalies has been 


However, the manner struc 


tures come about, their interrelationship, 


and their relationship to the glaucomas have 


not been made entirely clear 


These tissues are obviously excessive to 


the anatomic and physiologic requirement 


of the normal human eve 


Because of thi 


See the literature cited in Reference 1 


and the common acceptance of the atrophy 
theory of chamber angle development, even 
these organized architectural features have 
been classed as mesodermal remnants by 
several authors.‘ 


that 


\gain, the implheation ts 


the rudimentary tissues are present in 


most embryos, and that in the normal course 
of events the undesirable mesoderm degen 
erates li this were true, we should be able 


to identify. the excessive tissue ino almost 


every embryonic or fetal eye at some time 
earlier than the beginning of the fifth month 
In our collection, consisting of 19 eyes trom 
from 11 


were from embryos under the [OO mm 


embryos to 7A) 


ranging mm., 12 


stave 


\imong these 14 eves, there were found only 


3 showing cell groups which might be con 


idered to represent such excessive tissue 


(one eve, of a 91 mm. embryo, which will be 
discussed in a suceceding paper, contained a 
very there 


promiment mass Of tissue while 


were only slight traces in the 


cell 


producing 


other eye. In 
the former, the had differentiated and 


were actively collagen which 
tained like the 


adult 


heavy fibers found the 
Our study of such collagen in patho 
that 


The impre 


lovic adult eyes indicate 


uch material 
resists atrophy ion gamed wa 


that these cell group would continue to dit 


ferentiate and that a 


trong and permanent 
would result 


The adult 


described in the preceding papet 


structure 


form of these anomalies were 


with ther 


histologic, external slit-lamp, and gomioscopu 


appearances contrasted and related to. the 


normal and comparatlhve ana 


tonucal studies 


vive us a rea onably ound 


explanation of their source and course of 


cle velopme nt These latter 


are reported a 
succeeding paper 


MARY 

The angle of the human anterior chamber 
opens during fetal development by a proce 
of « leavave, a separation between two 
mesodermal! layers, in a manner slightly sim 
ilar to the opening of the anterior chamber 
proper during a much earher stage of em 


bryonic life 


© See the literature cited in Reference 1 
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The forces needed for this cleavage are 
upplhed by the very extensive unequal fetal 
yrowth of the chamber angle tissues, result 
ing in changed spatial relationships 

No procs of atrophy and resorption 
mesodermal tissue is required, and none 
takes place in measurable amount 

\bnormal variations of the human cham 
her angle uch a prominent ring of 


chwalbe and pectinate ligament feature 


hould not be thought ola “mesodermal 
reninant lhey are the result of abnormal 
or EXC ive laying down of cell 


pathogen is of certain cases of deve 


yprnental olaucoma can, at least in part, hye 
traced to poor differentiation and organiza 
tion of the cells within the trabecular striv 
ture ind to persistence ol fetal adherence 
of mesodermal structure 1 to a fathare 
ol the chamber any le to open fully by cle i 

ie In these case . at lea t, the favorable 
results of gomotomy must be attributed to 
a severance of this adhesion or of abnor 
niall developed trabecular ti ue, rather than 
lo a tipping or cutting of nonexisting 


mesodermal re 
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Ina previou it was shown that no 


pape 1 


requiring atrophy and resorption 1s 


ypical chamber angle of the 
fetal eve \ comparison of cell 


in fetal and adult eves showed 


average an mecrease mM 
between Schlemm’s 
pigment epithelium oft thre 
period of cleavage 
appeal 


ciliary-iris tissue, By 


during the 


to be en 


con 


the 


Schwalbe 
ind cavitation 


ue requiring atrophy 1 
| 


clon 


hot pre ent 


percentave 


a certam 


c mesoderm 1 


embryom 


proximate] n the same percentage in which 


similar, but fully developed, tissue 1s found 


in adult ¢ also noted that 


one 


embryos « heen produced in these 


laver hone before cleavave Collagen 


in the same positions in adult eye has been 


seen to pers t through pathological change 


obliterated othe cell le 


whi 
indication 


the 


seems to be a further 


uch 


that once material 1s 


prese nt in 


embryo or fetus, it will normally change only 


in the direction of further development 


Man fetal chamber angles of all 


contain no excessive cells along the line at 


the periphery of Decemet’s membrane and 


the anterior border of the trabecular tissue 


or along the inner surface of the latter, Others 
contain a very few extra cells, which might 
he ¢ xpect d to deve lop into mildly prominent 
rings of Schwalbe and pectinate strand 
well as ot 


cell 


anteriol 


such fetal angles, as 


Section ( 


fetal angles showing a large bundle of 


mito a 


hwalbe A 


already formed prominent 


horder-ring of were pictured in 
the paper mentioned 
ion 


tra 


Figure | of this paper ts an 


of the angle ot a 220 mm, tetu 


cleavaye along the imner surtace ol the 


becular tis already taking place a Tew 


irregularly | are still adherent at 


1 


the fetal angle, and progression of the schism 


peripheral! an be seen. Collagen-like ma 


terial being laid down at a gives the 
céll 
tend to lead to thie 
aormg ol Schwalbe 
However, by 


probable 


ion that a single row ol around the 


any le lormation ol 


and pectinate tranad 


Comparison with other fetal 


= that this attachment 1 


in the of otherwise 
Probabl thre 


visible copicall 


too wei ) { 


normal ce velopment 


would be 


in this Figure is of the int 
vill lie on the posterior 


cleft, while cell 


and 


ide of the chamber angle 


c and d are part of the uveal trabeculae The 


at cand d pot to the newly formed 


Held 


AaTrows 


collagen, which in the tain take a 


EMBRYOLOGY 
pre sent int 
lever counts 
that there 1s o1 
the number of « 
canal the 
vi 
of the angle. 
tr and thre rit 
ecw to be clue to cell growtl 
lo that tis 
present the averagt 
mean that excessive tissuc 15 
ol Cases ive 
ee Phe cell at / 
of lows: Collage of: 


deep-amber coloration, The collagen at « 
can be traced forward to the nucleus of its 
cell, and it can be seen attaching to the col 
lagen of another cell. The material at e is 
unilar to the trabecular collagen, but will 
become part of the pattern of fibers of the 


iv} 


\n early appearance of a prominent an 
terior border-ring of Schwalbe is shown in 
histologic sections of the chamber angle of 
al mm. fetus (hig. 2). The clump of extra 
cell een at Schw. (Fig. 2A) is a cross 
ection of a ring-like prominence which en 
compasses almost the entire chamber angle 


In many places, the ring has been torn arti 


big. | section (Held stain) through the 
taming collagen being laid down by the cell 
nucleus and collagen of an ints cell temporarily 
amber-staining tip of the collagen fiber being 


section of dark-amber-staining collagen of a 
collagen ot ris cell 


ficially from the corneal side of the chamber, 
so that it appears to belong to the irts root 
(hig. 2B and ©), but in many places the 
torn condition of the cells indicates the 
original relationship of this ring to. the 
trabecular tissue. In the sections stained by 
the Mallory method, a collagen element is 
clearly visible between the cell nuclei within 
this group, and in the nearly flat sections, 
to the sides of the eve (Fig. 2))), masonry 
hke courses of blue-staining fibers (Schw.) 
demonstrate the already well-devcloped cir- 
cular fibers, In this section, again, the artifi 
cial opening of the chamber is evident, and a 
R00 
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more natural, clear-cut, though narrow, 
cleavage line is seen at Cl 

It is anticipated that in a larger embryo- 
logic collection than we have at our disposal 
all the stages of development of the anterior 


border-ring of Schwalbe could be found 


We beheve that certain cells of the rudi 
mentary anterior border-ring of Schwalbe 
are so oriented as to interlock with cells at 
the anterior tip of the inner uveal trabecular 
group, as at rin Figure 24, and that these 
hecome firmly adherent after adequate ce 
velopment of the collagen of the latter. li 


certain special cells, destined to form the 


chamber angle ot a 220 mm. tetu (a) amber 
| oriented acre the apex of the fetal angle { 

adherent acer the developing cleft; (c) dark 

laid down by a uveal trabecular cell; (d) cross 
ongitudinally orrented uveal trabecular fiber ¢) 


pectinate ligament, are laid down peripherally 
to the rudimentary ring of Schwalbe, such as 
are present as p in Figure 2C, these wall 
develop ina plane with the ring, in a layer 
separate from both the trabecular group, 
peripherally, and the irts-cillary tissue, cen 
trally. A barely pt reeptble cleavage line can 
he seen extending from the anterior chamber 
hetween Schwalbe's ring and the irts-ciliary 
tissue, going to a in Figure 2C. In later 
staves this cleavage line should develop into 
a cleft or opening In these later staves 
another cleavage line should also appear he 


tween the trabeculae and the pectinate strand 


+. 
Ir. 
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ANTERIOR BORDER-RING OF SCHWALBI AND PECTINATE LIGAMENT 


tain) through the chamber angle of a 91 mm. tetu 


excessive for the typical human chamber angle, constituting a rudimentary 

stage ol a pre ent anterior border-ring of Schwalbe; r, point at which the ring ot Schwalbe 

unites with the middle layers ot trabecular fibers; 7r., trabecular cells anterior to the ring ot 
Schwalbe and the eventual periphery of Descemet’s membrane /r., iris mesoderm 

B- the ring of Schwalbe artificially detached from the trabecular tissue and resting against 


the wot of the ints 


( f probably a rudimentar pectinats ligament strand: a tential clett which wall eparate 
the strand from the iris-ciliary body tissue; >, potential clett vhich might separate the strand 
from the trabecular tissue 

DD: nearly tangential section of the eye showing a longitudinal section through the anterior 
border-ring of Schwalbe, which is artificially detached from the trabecular tissue. Cl, a cleat 
line revealing the true potential plane of cleavage hetween the ring of Schwalbe and the in 


ciliary tissue 


big Schematic drawing she ny the two planes ol Cava 1 d which tsohate | 
4 pectinate strand (p) from the irts-eitary body 1 re and the trabecular tissue, respectively 
801 
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(as indicated at b in Fig. 2C). This latter 
elt would stop short of the anterior border 
ring of Schwalbe, anteriorly, and end in the 
region of the scleral spur, peripherally. The 
two cleavaye lines are represented diagram 


matically in Figure 3 


lhe material in the peetinate ligament is 
not a solid sheet, but is arranged in separate 
trans, so that there are space between the 
individual peetinate strands, Therefore, cleft 
aand in Figure 3 actually are joined. and 
Mia flow ircely between then much 
as in the animal eyes aqueous flows freel 
around the pectinate fiber and through the 


maze of the pace ol Fontana 


the animal eve, the anterior border 
ring of chwalbe and the pectinate ligament 
are parts of the same suspensory system of 
the iris root (Tronceoso*). In man they ap 
pear to be genetically determined throw 
hack Therefore, in man this suspensory 

tem doe not olten appear as a full blown, 
well-organized structure. Parts only, or we 
might say tragments, of the whole structure 
May appear he prominent ring ma he the 
only element present; it is seen in about 
IS% of all human eves The peripheral rows 
of pectinate fibers may appear without a 
propninent anterior horder rity ol Schwalbe, 
but frequently a pearly-white line is asso 
cuted with them alony some extent of the 
chamber angle lastl there are those eve 
mm which at least a few of the pectinate strands 
unquestionably imsert into a more or les 
prominent border-ring of Schwalbe, in 
actly the same manner as in lower animal 


everal investigators, Troncoso and 
other have already concluded that. these 
inomalous uveal forms are identical with 
parts of the peetinate ligament of lower 
They have assumed that in animal 
these tissues go on to full development, thus 
atistving the tunctional needs in the respec 
tive eve Therefore, the broad impression 
leit by a survey of the relevant literature 
has been that rudimentary mesoderm for 


the formation of these structures is present 
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in most human embryos and that it atrophies 
in the course of development because it is 
no longer needed 

Wi ayvree with the earlier authors in be 
leving that the anomalous uveal structures 
are parts of the pectinate ligament complex 
ind therefore represent atavistic lormations 
in the chambet angle, but we do not believe 
that they are regular features in the develop 
ment of the human which are expected to 
atrophy in the ordinas course of events, 
and persist into the adult eve in exceptional 
Case Out of 19 embryonic and fetal 
eyes, 3 showed some rudimentary rings of 
Schwalbe, and 1 of these to a marked de yree 
These percentages are approximate] the 
same as those referring to incidence of promi 


nent rings of Schwalbe in adult eve 


COMPARATIVE ANATOMY 
lo vain additional material for the com 
parison ot the chamber angle in man and that 
of other mammals, we repeated parts of the 
tudy so well conceived and deseribed by 
Proneoso” Our preparation were of the 
anterior chambers of bovine, pig, rabbit, and 
doy eyes. We wished to diseovet the varia 
tions, as well as similarities, in the tissue 
at the iridociliocorneoscleral angle among the 
individuals, as wel the species. It was 
hoped that the findings might help to ex 
plain the varied appearances of similar ti 
ues in the human chamber angle 

Space does not a comprehen lve 
report of the study, and only a few of the 
pertinent details can be mentioned in support 


ot the broader coneclusios 

We found that we could reevaluate some 
conclusions of others regarding the nature 
of the tissue at the chamber angle in both 
the animals and man, Asani olated ¢ Xam le 
the simple tatement | ome authors that 
the pectinate ligament inserts anteriorly at 
the end of Descemet’s membrane must. be 
qualified Only the row of pectinate strands 
nearest the pupil appears always to insert at 
that line Many of the more peripheral 
strands bridge to the trabecular tissue, where 


some appear to unite with trabeculae well 


behind the ring of Schwalbe, while others 


4 

7 

3 


avainst the trabecular tissue m the re 


heir 


rest 


mainder ot t course up to the port at 
| 


which they insert into the ring o! Schwalbe. 


thie 


This is of importance in morphology of 


and pectinate 


prominent rings of Sel 


ligament strands human eve 


made to picture the most 


\n atte mipt is 


and 


Wnportant sinuilarities ditferences 


tween the lower mammalian chamber angles 


he 


human in the 


found im tour 


studied and the 
(Fig. 44 


feature 


drawings and Figure 4.4 1s 


a compilation ot ant 


mals, with the general contours based largely 


The 


canal 


structures 


the 


man and aninal.* 


hetween Schlemm’s and anteriol 


chamber are identified by arabic numerals 


1. The 


fibers 


external lavers ot trabecular 
canal \ 
the 


most 


are aciacent to Schlemm s 


number of these rest entirely within 


scleral and relate onl to corneal 


eroove 
and scleral tissue. At their anteriot ends thes 
insert into the 


scleral sput 


scleral septum or the corneal 


stroma ot Posteriorly the fibers moesert 


inte the 
The 


Z next, more internal group ot fiber 


lavers is somewhat variable, but with exten 


2)Tr ,U(mer) 
(1 Tr,CS 
Schi 


Schw 
Lf. 
ctinate) & 


S.sp. 


(3) Tr. ,UAcir) 
Cil(cir.) equiv. 


Cil. (mer) 


based 


big. 4 schematic drawing, 
but « 
groups of 
Tr.. C.S., corneoscleral 
with the met 


mbining features ol 
fibers Iving 


trabecular 


between the 
fiber 


ciliary 


1p 


associated idional muscle 


associated with the radial 


taming 
trand 


the region m man cf 


filne 


1s equivalent to 
(pe 


B, schematic drawing ot one 


finate), or pectinat 


lving between the anterior chamber and 


cleanriy 


figure demonstrate the differences 


various elements 


upon those ot the pig. Figure 42 represents 
the human chamber angle with a prominent 
. ring of Schwalbe and a pectinate ligament 


strand moderately isolated from the tra 


beculae, and therefore bridging the angle 


Similar structures in the two drawings bear 


the same labels 


At the external wall ot the scleral groove 


we find Schlemm’s canal (Schl.), in both 


largely 
the angl 


anterior cl 


and circular ciliary musele 


type of human chamber angle, 
Schlemm's 
between 


S sp 


if { 
(pectinate) Cit. mer) 


(4) Tr Ulcir) 


angle ot the 
the four 
ychi.). JI 
fiber group 
fiber grouy 
the region whic! 
bundle 


chamber 
le 


anal 


ot the 
ils 


upon the 
other le 


rit 
wert Wink 
and 


Tr mer.), uveal 


amber Schlemm 


trabecular 


cir.), uveal trabecular 


bundles; cil. (cir.), 


circular ciliary muscle 


be rdet 


the radial and 


Schw., anterior ring of Schwalbe 
showing the same four structure 
canal as found in 1 hie 


and B in proportion and position of Uh 


the lower animal 


sive and careful study it can be shown that 


it relates to the uvea. Some of the tibers at 


the anterior insertion pass mito the posterior 


claims ot authors tha 


*In spite of the one A 
true canal of Schlemm exists only in primate ve 
find no reason to think that the channel] ituated 
in the seleral groove in the animal do not tunetior 
exactly as in man. We agree on this point wit thre 
observations of Anderso Walls.* and other 
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layers of the corneal stroma, while in some 
eyes a few fibers are incorporated into promi 
nent rings of hwalbe. The posterior inser 
tion of this group is always into the me 
ridional ciliary muscle, either directly or in 
directly. This relationship is undeniable in 
some individual aniunal eves, where most of 
the fiber layers pass internal to the tip of the 
sclera spur and only one or two layers inter 
weave between circular fibers of the tip of the 
spur to reach their insertion in the external 
layers of the meridional ciliary muscle fibers 
This group, in man, becomes more involved 
with the seleral spur, but in a few persons 
more than half the layers pass internal to the 


spur, In preparations where the ciliary mus 


lie Section (Held st 


21: (a) exceptional posterior position of anteri 


(Group 3 of those shown in Figure 42) 


cle, some of the trabecular fibers, and Des 
cemet's membrane have been torn away from 
the corneoscleral wall, the tip ol the scleral 
spur is always torn away with the former 
Qceasionally fibrils can be traced from the 
trabeculae, between the cut sections of the 


circular scleral fibers, and can he seen to 


insert into the meridional muscle. The fibers 
ol this proup take a very direct meridional 
course, and often the entire length of a fiber 
can be seen im histologic sections 

3. The third group of fiber layers has its 
posterior msertion. in the connective tissue 
around the radial and circular ciliary muscle 
bundles. In some sections of some eyes, a 
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few of these uveal trabeculae seem to relate 
to the walls of vessels, such as the major 
circle. The anterior insertion of the group 
is at the edge of Descemet’s membrane. At 
this level, if there is a prominent ring of 
Schwalbe, the fibers take a more circular 
course and blend with the ring. In those 
eyes where the Schwalbe line is not promi 
nent, but represents only an anatomical limit, 
this third group of trabecular fiber layers 
thins out to one or two layers and is recog 
nized in histologic sections as a group of 
somewhat separated circular fibers. Often, 
some of the fibers take a completely circular 


direction short of the edge of Descemet’s 


membrane and never reach that level. In 


amber angle O.D. of Patient M. S.. a man aged 


ular tibers 


insertion o 


rare instances, as in Figure 5, the anterior 
limit of this third group ts displaced backward 
in the human eves so that it does not reach 
the edge of Descemet’s membrane at all 
This was noted in 3 eyes of the 600 studied 
histologically, and has been suspected several 
times im gontoscopie examinations ot living 
eves. There is a question as to how the term 
“anterior border-ring of Schwalbe” should 
be applied in such cases, since most of the 
material within prominent rings of Schwalbe 
is related to, or possibly made up of, ex 
tensions of the internal uveal trabeculae 
Perhaps the term should be broken down, 
“Schwalbe’s line” still being applied to the 


boundary between the trabeculae and Des 
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cemet’s membrane, while “ring of Schwalbe” 
would be applied to the circular fibers usually 
found at that level 

$. The most internal structure in the am 
mal eyes is the pectinate ligament. It may 
of strong uveal 


the 


be made up of several rows 


strands originating in or near root of 


the iris and terminating on the corneal side 
of the anterior chamber at the end of Des 
cemet’s membrane. The spaces between these 
strands have been called spaces of Fontana 
and have been assumed to play a major part 


in the elimination of aqueous through the 


uveal vascular system 


Man normally has no pectinate hgament, 
supposedly because his physiologic require 
ments differ from those of most animals. It 
was one of the purposes of this investigation 


to find out whether the anomalous uveal 


strands found in many human eves do have 


any real anatomic relationship to the pectin 


ate ligament of animals, as Troncoso? be 


heved 


The most central row of pectinate strands 
is usually made up of thick bundles of cells, 


than single fibers, as are the tra 


‘| he 


rows are usually made up of thinner strands, 


rather 


beculae successively more peripheral 


tending to look more and more like trabecu 
lac \s stated earlier, the most central strands 


insert at the end of Descemet’s membrane. In 


some eyes, such as our bovine specimens, 


these strands take on a nearly circular direc 
run 


tion as they approach the cornea; some 


along the inner surface of Descemet’s mem 
brane for a way before penetrating or passing 
around its edge to blend with some collagen 
In other eves, 


the 


of the inner uveal trabeculae 


such as in one rabbit’s eves, strands 
bridge and insert in a more directly meridio 
nal manner, and the insertion is just barely 
around the edge of Descemet’s membrane and 


slightly 


pel ipheral 


onto its anterior surface. The more 


strands in any of the eyes may in 


sert any where along the mner surtace ol the 


uveal trabeculae or pass along the surtace to 


insert into the ring of Schwalbe 


The collagen core of the pectinate strands 


always takes a deep stain at their msertions, 
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\ 


and this stain is identical with that in the 
prominent rings ol Schwalbe in man, It ts 
alwavs different from that taken by Des 


cemet’s membrane 
The insertion of the pectinate 
livament 1s Many the 


send collagen fibrils far into the ciliary body 


ypsterior 


variable of strands 
However, some of the most central strands 
seem to relate to the stroma of the ints root 
This is especially true im some ot our spect 
where many of 


mens, such as the dog eves, 


the strands blend gradually into the irts 

In the human chamber angle, as shown in 
Figure 4B, the pectinate ligament strands 
are not usually so regularly arranged, Otten, 
in an eve, only one or a few scattered “trac 
What has been said of the 
make-up of the strands and their variable 


tions” are found 


anterior insertions can be applied to the 


human. However, in our human specimens 


the posterior insertion ts into the stroma of 
the iris only. Even where the bases of the 
pectinate strands are directly ove the ei 


cular ciliary muscle, no fibrils have been seen 


extending into the latter organ, This ts no 
indication that these strands are not in the 
nature ol pectinate livament teatures, since 


we find similar posterior insertions im some 


animal eyes 


When the four tissues just described are 
compared as to gene ral charactet and distri 


bution, certain facts become evident 


of the tiber layer 


1. It is true that 


Yroups des ribed above rally have a dit 


ferently detailed structure; some author 


described certain of these layers in the an 


merely as spongy tissue. certam 
specie a laver which appears “spong) 
one animal's eye will in another animal 


eve take on the appearance of well organized 


fibers, similar to those in the human 

2 We found, as did Anderson,’ in both 
man and animal, that the inner uveal tra 
beculae (Group 3, hig. 4) ver eldom con 


tain anv elastic fibrils, while those external 
to this yroup almost always contam elastu 
elements 


Phe presence of elasti fibrils, not pictured 


here, within many prominent = ring of 


#05 


| 


Schwalbe in man, even though most of the 
uveal fibers seen to enter are from the inner 


uveal group | hiv. 4), 1s further evidence 


that fibers of the outer uveal group | hig 
4) are also incorporated in its mas 

$3. When the four main tissues described 
thove are pictured, as in Figure 4, it can 
he realized that there is more similarity be 
tween man and some mammals below pri 
than ha heen appreciated one 
relatively recent investivators. Aside from 
the obvious facet that the pectinate ligament 
elements are not present in the average hu 
tian eye, the yreatest difference seems to be 
that all of the fiber layers between the an 
terior chamber and Schlemim’s canal are more 
compactly arranged near the corneoscleral 
coating of the eye in man than in animals 

(Jur comparative anatomic studies have 
helped to elucidate the meaning of pectinate 
livament strands and prominent anterior 
horder-rings of Schwalbe in the human cham 
her angle. Because we and others have noted 
the familial character of these anomalies in 
man, and because they bear such similarity 
to corresponding structures in other mam 
mals, their presence is judged to be the result 
of more or less exaggerated, genetically de 
termined atavistic traits. Recognition of the 
origin of these anomalies adds weight to the 
objections against the theory that atrophy 
and resorption of mesodermal structures 


occurs normally during the development. of 
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the human chamber angle in order to remove 


such mesodermal tissue as might prevent 


normal formation and proper functioning of 


the filtration angle 


SUM MARY 


Prominent anterior border-rings — of 


Schwalbe and pectinate hyament features in 


man are the result of excessive laying down 
of mesodermal tissue in embryonic and fetal 
eve They do not result from a failure of 


atrophy and resorption of mesodermal tissue 
normally laid down In) Cae h embryo 


Comparative anatomic studies show. that 


analogie to all pect ate tiber 
anomahes occurring in man are found in the 
normal chamber anyle of animal In man 
| 
| 


they represent genetically determined atavi 


tic traits 
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the Eye Ys Thiel Anis 


rin g ail Ovu r = 


J. V. D. QUEREAU, M.D., Reading, Pa. 


DEFINITIONS 


In [:uropean literature rotation of the eye 
called roll 


ing. -Ipparent rolling during rotation of the 


around its visual axis is usually 


normal eye around an oblique axis in List 


ings plane is called torsion, In| American 


literature rotation around the visual axis is 


usually called torsion and apparent rolling 


during rotation of the normal eye around an 
oblique axis in Listing’s plane is called false 


torsion. It would eliminate confusion if one 


or the other group would find acceptance 


In this paper the following definitions will 
hve used 
1. Rolling 


visual axis 


rotation of the eve around its 


2. Torsion (or false torsion )— apparent 


rolling when the normal eve rotates 


about an Listing’s 


plane 


oblique axis in 


COORDINATI YSTEMS 


\ coordinate system ts anything which 


is used as a reference to locate the position 


ola space It could be the horizon, 


a series of horizontal or vertical lines or 


planes the spherical system used here, o1 


‘J he 


a usetul standard for determining 


anything else only criterion is that it 


should he 
the position of an object in space. 


In the planar coordinate system the posi 


tion of a point is determined by its relation 
to horizontal and vertical lines and planes, 


the position of which is already known. This 


From the Department of Ophthalmology 


Read 


ing Hospital 


system 1s, of course, widely used, but when 


it is employed in observations of the surface 
| 


markings on a rotating sphere serious errors 


are introduced, These errors appear as “tor 


When the eve is 


rotating around an oblique axis in Listing’s 


sion” or “false torsion.” 


plane, torsion 1s seen as the angle that a ver 
tical plane, passing through the center of 
rotation of the eye and the 


fixation pomt, 


forms with the meridian of the cornea or 


retina which was vertical when the eye was 
roll 
ng, 1 present, manitests it elf in exactly the 


When the planar or 


stem is used, the observer sees 


in the primary position. Unfortunately, 


same way rectangular 


coordinate 


the algebraic sum of tor sion and rolling, and 


is unable to distinguish between the two. No 


uch errors occur when the spherical co 


ordinate system is used 


\ spherical coordinate system is made up 


of lines 


of longitude and latitude, like those 


on the surface of a globe map ol the earth 


The lines of longitude are great circles pro 
duced where flat planes passing through both 
pole 


and intersecting in the polar axis cut 


the surface of the 


phere. Flat planes per 
pendicular to the polar axis cut the surface in 
the lines of latitude 


It was 


that to avoid 


false hyperphoria when the movement ot 


shown by Putnam 


hoth eves are to be observed in measuring 
squint the polar axis of the 
should le horizontally in 
listing’s plane and pass transversely through 
(lig. 1A) 


eparate CoO 


spherical co 
ordinate system 

center of rotation of the eve 
leach eve 


ordinate 


hould have its own 
ystem arranged in thi 


When one ts 


the spherical coordinate 


manner 
studying rolling and torsion 
hould he 


ax) ould 


system 


used differently. Its polar run 
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hig. 1 1, spherical coordinate system as it 


polar axis; LV’, Listing’s plane. The coordinate 


B, spherical coordinate system employed to measure rolling 


position 


anteroposterior direction, passing 
through the center of rotation of the eve 


1B). The 


equator of the coordinate system should lie 


and the primary position (Fig 


in Listing’s plane. When one is looking for 


rolling, the patient’s eye should be made to 


rotate so that the visual line follows one of 
the lines of longitude toward or away from 
the primary position. The meridians of the 
cornea and retina will then maintain a con 
stant angle with the meridian of longitude 
the \ny 


change in this angle will be due to rolling 


which visual line is following 


Torsion will not complicate the observation 


PRESENT STUDY 


lo study rolling during normal rotations of the 


eye in relation to this spherical coordinate system, 


1 transparent plastic hemisphere (Fig. 2) was 


mounted on a support with a headrest and chin rest 
eccentrically placed so that the subject's right eye 


would be at the center of the hemisphere. (The 


808 


should be 


PA 


employed in measuring 
with the 


squint 


ystem does not eve 


move 


Polar axis is fixed in primary 


either of 
right or the 
Strips 


hollow column of the headrest fits over 


wooden bring either the 


to the 


twe 
left eye 


of plastic tape were 


pegs to 


correct position for testing.) 


placed on the surface of the 


meridians of a spher 


18. At intervals 


hemisphere to represent the 


ical coordinate system, as in Figure 


along these spherical coordinates, fixation portits 
were marked with a wax pencil on the concave sur 
the position of 
thie \s the 
subject looked in turn at each of the fixation points, 
blind black 
was plotted with a 10 target (at 

Allowance of 2 
position of 


The 
spots 


lace of the sphere, as indicated by 


round black dots on the convex surface 


the position of her spot, medicated by 


squares mm 
degrees was made for 
the blind 


adhesive strips con 


265 mim.) 


the 


slightly inferior spot or 


horizon white 
blind 
the projected positions of the retinal horizon 
tested, the 
Ihe results were so nearly identical that the white 


the retinal 
show 


Kight 


necting the and fixation points 


subjects were youngest Il years of age 


strips are used to represent the average positions 
retinal horizons of all eight. To avoid con 
the the 


illustrated in the Figure 


of the 


fusion, only averages for right eye are 
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strips that when 
the eves moved vertically or horizontally 
from the primary position there was no 


rolling. At first glance it would seem that 


there was a large amount of rolling as the 
eye rotated outward from the primary pos! 


B and 


mea ured anyvle between those plasti 


tion along the oblique meridians 
but the 
strips, representing the retinal horizon, and 
the oblique 


the same 


meridians of longitude remains 


as when the eye was in the primary 
position ; therefore there was no rolling It is 
only because the observer uses horizontal 
and vertical lines for reference that this ang le 
seems to increase, This apparent increase ts 


torsion (or false torsion). Only that merid 
ian of longitude which the visual line ts fol 
lowing may be used for reference to detet 
mine rolling 


ROLLING 


When the eves moved obliquely lar outin 
to the superior and inferior temporal quad 
rants of the field of fixation at B and D (big 
2). there was an increase of 3 to 5 degrees in 
the angle between the retinal horizon and 
the 45-degree meridian of longitude the eve 
was following (measured with a protractor ) 
There was, therefore, slight outward rolling 
when the eyes moved obliquely upward and 
outward, and inward rolling when the eves 


moved obliquely downward and outward 


\dler * 


inward rolling would be found in the upper 


predicted that such outward and 
and lower oblique directions in the normal 
this to be 
Corresponding rolling could not be 
field of 


This rolling in extreme degrees of 


eve. The present study proves 


correct 


demonstrated in the smaller, nasal 


fixation 


oblique rotation has nothing to do with 


torsion 


ROLLING IN MOVEMENTS OTHER THAN THOS! 


FTOWARD OR AWAY FROM THE PRIMARY 


POSITION 
If the visual line which has been following 
a given meridian moves to a new meridian 
direction in relation 


which has a different 


* Adler, F. H., is 


discussion on Quereau 


Fig. 2.—Projection of retinal horizon for variou 
directions of gaze. Long plastic strips on tran 
parent hemisphere represent meridians of longitude 
or spherical coordinate system. Polar axis passe 
through center of rotation of eye and primary posi 
tion. Round black dots show fixation points on 
meridians of longitude; black square positions of 
blind spot ort white strips, projections of retinal 
horizon, Points 4, B,C, and J) are limits of field of 
fixation. White striy beyond 4, B,C, and D are 
hypothetical and only illustrate nature of compensa 
tory rolling. Test target used is almost as large 


as blind spot 


to the primary position, the eye undergoc 


rolling as it moves to the new meridian. The 


retinal horiwon and this new meridian of 


longitude assume the same angle they would 
form af the eve were in the primary position 
is idlustrated by the results of the prese rit 
study \s the 


meridian at wf 


visual line leaves the vertical 


(lig. 2) and travels counter 
clockwise to the 45-degrec oblique meridian 
then 


on the horizontal meridian, and finally 


of the upper temporal quadrant, at 7, 
to ¢ 
to |) 


meridian 


the retinal horizon assumes with each 


crossed the same angle it would 


form with this meridian at the primary posi 


tion. In producing the amount of compensa 
tory rolling necessary to cause the meridian 
of the cornea and retina to assume a “pri 
mary-position”’ angle with each new meridian 
the visual line crosses 


ot longitude the eve 


rotates around an axis lying in the secondary 


: 
RESULTS 
A 
bad 
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axis plane. This is a plane which bisects the 
angle formed by the intersection of Listing’s 
plane and the plane of the equator of the eye 
It lies halfway between the two. The strips 
beyond A, B, C, and D are outside the field 
of fixation and are intended only to illustrate 
the nature of this rolling. A line parallel to 
the uppermost plastic strip which represents 
the position of a hypothetical projection of 
the horizontal retinal meridian at this point 
would, if extended, be almost perpendicular 
to the horizontal meridian, The eye would 
have to roll clockwise around its visual axis 
about YO degrees in order that the retinal 
horizon should be horizontal on arriving at 
meridian CC, The position at meridian 2 is 
the midpoint in this clockwise rolling 

If the projection of the retinal horizon 
in the hypothetical position beyond point 4 
were to move counterclockwise in a circle 
without rolling clockwise around the visual 
axis, it would cross each meridian at a right 
angle. The optic nerve and museles would 
he twisted off the eyeball. Clockwise rolling 
around the visual axis counteracts this twist 
ing. For a small cirele around the primary 
position there is almost no necessity for com 
pensatory rolling. The more nearly the size 
of the circle approaches the limits of the field 
of fixation, the more compensatory rolling 
is required, If the visual line makes a clock 
wise circle, the compensatory rolling Is 
counterclockwise 

Phe plastic strips at points 4, B, C, and D, 
which are the average result of testing eight 
ubjects, shows that the eve in passing from 
meridian of to meridian C underwent about 
5 


as measured with a protractor. It appears 


grees of clockwise, or mward rolling, 


that the retinal horizon first underwent out 
ward rolling, then inward rolling, as the 
visual line moved from point A to B to C. 
\etually, if a line is drawn parallel to the 
plastic strip at point A, the line will meet 
point # at an angle greater than that formed 
by the plastic strip already there, showing 


that the eve made a clockwise movement of 
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inward rolling in going from point 4 to point 
B. (These are spheric al anvles 
COMMENT 

\ perimeter can be used to determine the 
position of the blind spot for various positions 
of gaze. Small pieces of tape at intervals on 
the inner surface of the perimeter arms serve 
as fixation points. Larger pieces of tape mark 
the positions of the blind spots. A perimeter 
embodies the spherical coordinate system 
illustrated in Figure 17 

L'se of the blind Spot to detect pathological 


rolling is illustrated by the following case 


] C., age 14, has had paresis of the left inferior 
oblique muscle of six year duration, from an 
unknown cause, When both blind spots are plotted 
on a l-meter tangent screen, the left blind spot 
about 4 degrees higher than the right owing 
inward rolling of the left eye consistent with pare 


of the left inferior oblique 


UMMARY AND CONCLUSION 

Plotting the positions of the physiological 
blind spot for various directions of gaze is 
recommended for observation of rolling in 
normal and pathological rotations of the eye 

Lhe positions of the blind spot show that 
in movements of the eye other than toward 
or away trom the primary position, a me 
ridian of the retina, by rolling around its vis 
ual aX1S, assumes the same anyle with the me 
ridian of longitude it is crossing that it would 
if the eye were in the primary position 

Slight normal outward rolling occurs when 
the eye is moved obliquely into the upper 
temporal quadrant, and inward rolling occurs 
when it is moved oblique] into the lowe1 
temporal quadrant 

Use of a spherical system of coordinates 
eliminates torsion and thereby gives a true 
pieture of rolling 
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Antibody in Kabbit Eye 
with Antibody 


RUDOLF H. WITMER, M.D., New York 


Previous experimental work with Lepto 


spira pomona infection in the rabbit eye in 
dicates that antibody tormation takes place 
locally and is related to the infiltration of the 
uveal tissue by plasma cells and lymphocytes 
This concept is based on the observations that 
the antibody 


content of the gamma-globulin 


of the aqueous humor (“antibody activity” ) 
in local infection was higher than the activity 
of the local 


was roughly correlated with 


serum and that the amount. of 
antibody activity 
the degree of plasma cell infiltration of the 
uveal tissue 


determine whether plasma cells are responsi 


following study was undertaken to 


ble tor antibody production in the uveal tis 


sue of the inflamed eye, Coons and co 


worker have shown that antibodies within 


cells can be made visible by a variation of 


their method, usiny fluorescein labeled anti 


body. Frozen sections of tissues containing 


antibody are dipped in a dilute solution of 


homologous antigen, then carefully washed, 


and the precipitated antigen demonstrated by 


means of fluorescein-labeled 


specific anti 


body. With this technique they showed that 


following the subcutaneous injection of egg 


albumen, human gamma-globulin, or diph 


This aided by 


Knapp Memorial Foundation, the 


Investigation wa vrants of the 


Snyder Ophthal- 
indation, and the Medi 


mic For \cademy of 


cine 


From _ the Department Ophthalmology, 


University College of 
and the 


Presbyterian He 


Columbia Physicians and 
Institute of 


spital ind 


Surgeons, Ophthalmology, 
from the Department 
ot Bacteriology and Immunology, Harvard Medical 


School, Boston 


theria toxoid, typical plasma cells of the re 
gional lymph nodes and spleen contained 
high concentrations of antibody. The present 
investigation deals with the problem of anti 
hody production in the uveal tissue after the 
Cee 
Phe enhancing etfeet on antibody 


intravitreous injection of crystallized 


albumen 
formation by caterpillar hair as a local irri 


tant im the anterior chamber of the eve 


previously described, was utilized in two ex 
periments. Serum and aqueous humor were 


tested for the presence of antibodies, and 


the antibody activity was determined. Frozen 
sections of the eve were stained for antibody 
egy 
Huorescein-labeled 


with diluted 


with 


by pretreatment albumen 


and staining anti 


egg-albumen rabbit serum 


MATERIAT METHOD 


Crystallized hen-egg-albumen (Armour & 


experiment 


Co.) 
throughout these 
of O1 ml. of a 4% 


made into the 


was used Injections 
NaCl were 
0.15 ml 


both eye of 1x 


solution in 0.9% 


vitreous body and of nto 


the anterior chamber of one or 
normal albino rabbit , with an 
4 to 6 Ib. In those 
was injected the total 
10-15 if 
mg. Caterpillar 


local 


introduced 


average weight 


rabbits in which only one « 


amount of egg albumen was 


both eye vere injected, it was 20-30 


Malacs 


irritant. A of 


hau f oma americana 


served as a 10-20 sterile 


hairs wa into the anterior chamber of 


both eyes of two rabbits 15 days prior to the egg 


ilbumen injection, using a technique described in 


an earlier paper [wo rabbits received a second 


injection of O02 ml. of a 2% egg albumen solution 
(i.¢.,4 mg.) into the anterior chamber 1 


the first Antibodic in the 


days after 


injection serum and 


aqueous humor were determined by means of a 


hemagglutination technique with tannic-acid-treated 
red cell tavitsky Phe 


according to gamma 


globulin contents of the serum and of the aqueous 


humor determined by 
and the 


reciproc al of 


were paper electrophore is, 


antibody activity was calculated as the 


the agglutination titer per gram of 


811 


ye 
— 
= 


gamma-globulin. The eyes were removed at different 
time intervals (1 to 29 days) following the injection 
of antigen. Immediately after enucleation the eyes 
were tnsected agittally and the lens and vitreous 
body carefully removed. Half of the globe, includ 


mg part of the cornea, iris, ciliary body, sclera, and 


choroid, was then placed in a test tube, quick 


jrozen im an aleohol-dry mixture and stored at 
20 The other half was fixed in Bourn fluid 
ior histological study. The frozen eyes were cut in 
fy ection according t the te ot Coon 
and co-workers.* The freshly cut section were 
dried at room temperature, fixed in 95% ethanol at 
37 © for 15 minutes, dried again in an incubator 
for 30 minutes, and treated with a 1:1000 solution 
ol egg albumen m buffered saline for 30 minute 
I he ection were washed with saline, covered 
vith a drop of antibody conjugate (fluorescein 


iheled anti-egg-albumen serum of rabbit prepared 


lntihbod letranty of Serum and Aqueous Tlumor and Presence of Antthody-C ontaining Cel 


\f IRCHIVI OF OPHTHALMOLOGY 


the infiltrating cells, other sectior vere stamed 


with the Giemsa method and examined mucro 


SC ally 


\fter the injection of 15 mg. of egg al 
bumen into the vitreous body and anterior 
chamber, all rabbits showed a very marked 
reaction, consisting of an acute fibrinous 
iritis. The signs of inflammation subsided 
slowly, and at the time of enucleation (1 to 
2% days after the injection) all animals ex 
hibited a distinct Tyndall effect in the ante 
rior chamber and hype remia of the iris 

The Table contains the data on hemag 
glutination and antibody activity and on the 


presence or absence of antibody and antigen 


in the lveal Tissue After Intraocular Injection of aq Albumen 


Days Cibeerved 
After Titers 
Kalhit In jee 
Ne thor Serum Aqueous 
‘ ‘ 
g med 
7 


Gamma-Globulin Antibody Microscopie 
(Content * Presence of 
Serum Aqueous Serum Aqueous Al + Av? 
11 
lf 
ool + ( 
1i4 
14“ 11 
114 + + 
14 1.79 + 


* Gamma globulin content is expressed in grams per 100 ml 
Ab indleates antibody +++ means many fluorescent cells ++, moderate number of cells +, few cells 


Ag stands for antigen presence; absence 
$151 Indlentes 15 daye after the firet, and | day after 


according to the technique of Coons and Kaplan °), 
and placed in a moist chamber. After 30 minutes they 
were washed again with saline and mounted with 
a drop of buffered glycerol, Control sections were 
treated with saline instead of the antigen solution 
and stamed later with the same antibody conjugate 
Since antigen was still present in many of the 
eye examined, tests for the specificity ot the anti 
body staiming were carried out by pretreatment ot 
the sections with unlabeled anti-egg-albumen im 
mune serum for 30> minutes prior to the staming 
with antibody conjugate in order to inhibit. the 
specific staimmg of the antigen. The stained sections 
were examimed with the fluorescence microscope, as 
described by Coons.* The number of antibody 
containing cells in the uveal tissue was tabulated 
and expre sed symbol + and lable) 


kor purposes of comparison and identification ot 


* References 4 and 


R12 


he second, injeetion 


in the sections. As in previous experiments 
with other antigens, there was marked indi 
vidual variation in the experimental animals 
On the fourth day after a single injection of 
15 mg. of egg albumen into the vitreous and 
anterior chamber (Rabbit 5) there was no 
antibody detectable by hemagglutination, 
either in serum or in aqueous humor. Ac 
cordingly, no fluorescent cells were found in 
the tissue sections of the right eve, but an 
tigen could be seen, On the seventh day low 
antibody activity was noticed in the serum 
and aqueous humor and a few fluorescent 
cells were found in the sections of the left 
eye. At a later date (14 days) in another 


rabbit (#6) the many fluorescent cells visi 


4 

| 

; 

| 

| 

‘i 


ble in sections ot the injected eve (bag 1) 


paralleled the very high antibody activity im 
the aqueous humor. The noninjected (con- 


had no agglutinins in the aqueous 


trol) eve 
humor and no antibody-containing cells in 
the uveal tissue 


Repeated Injections of epy albumen im 
| 


Rabbits 3 and 4 produced higher antibody 


activity in the serum and humor 


In Rabbit 


ity in the 


aqueous 
there was definitely higher acti 


Rabbit } 


between 


aqueous humor, while 


showed no. significant difference 


serum and aqueous humor. In all these four 


eves many fluorescent antibody-containing 


cells were present in the in and cihary body 


(Fig. 2) 


Rabbit eves ( Rabbits 1 and 2) treated with 
caterpillar hair prior to the egg albumen in 
jection showed also higher antibody activity 
In the right eve of Rabbit 2 antibodies were 
already detectable by hemagglutination in the 
third day after the 


aqueous humor on the 


injection, while no antibodies were found 


in the serum. Surprisingly, no fluorescent 
cells could be found in a careful search 
through 10 sections of this eye. In the left 


eve, however, four days later, many antibody 
cells 


granulomatou 


containing were visible, mainly in the 


tissue around the caterpillar 


hair. but also. seattered throughout — the 


? 


stroma of the iris (Fig. 3). Despite this, 


the antibody activity of the aqueous humor 


Fig. 1 (Rabbit 6) Reduced to 84% ot mag 
200. Antibody activity of serum 50; of aqueous 
1000. Many fluorescent antibody-containing plasma 


cells in deep layers of irts 


lightly tron 
erum oft 
antibody -cot 
troma around capillary 


Fig. 2. Upper (Rabbit 3) > Reduced 
\ntibody activity of 
Focus of infiltration by 


may x 
aqueou 750 
taining plasma cells inom 
Lower (Rabbit 4) 
200. Antibody activity ot 
550. Crhary mifiltrated by 


lighitl 
serum 640; of aqueou 
antibody contain 


Reduced irom mag 


ie pla ma cell 


vas not significantly higher than the activity 
of the serum in the latter samples 

In the control sections of eight eve mall, 
fluorescent, mainly extracellular particle 
were found (hig. 4) sections had 
been treated with saline and antibody con 
jugate without dilute antigen solutions as a 


Wore 
cittuse 


and 


pretreatment. Some ot these particle 


artifacts, but there wa also found 


staining of a few epithelial cell 
enchymal cells of the iris stroma and ciliary 
hody The 


peare doin the 


particles and cells ap 


sections stained for the pre 
means of and 


It was 


ence of antibody by antigen 


fluorescein-labeled antibody thought 


that they represented antigen \ll sections 


showing this phenomenon were theretore 


#13 


e 
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Upper (Rabbit 1) Reduced lightly 

from mag. * 200. Antibody activity of serum 110 

of aqueous 90. Granuloma around caterpillar hai 
(C) containmge many fluorescent plasma cell 

Lower (Rabbit 2) Reduced to 95% of mag 

AW) Antibody activity of serum 560; of aqueou 


660) cattered fluorescent plasma cell 


troma 


pretreated with unlabeled immune serum in 
order to neutralize at least part of the an 
tiven. After 30 minutes these slides were 
tamed with fluorescein-labeled antibody, In 


all a definite decrease ot fluores 


4.-(Rabbit 3): Reduced to of mag 

200, Antibody activity of serum 24; of aqueous 
130. Iextracellular fluorescent granule in vitreous 
antigen 


cence of the extracellular parts les and disap 
pearance of the fine intracellular fluorescence 
were noted. This inhibition strongly sug 
gests that this fluorescence was due to an 
tigen 

| urthermore, it was noticed that the bril 
liantly fluorescent cells containing antibody 
were mainly found in the deeper layer of the 
iris, sometimes in small foci of infiltration 
or in the granulomata of the two eyes treated 
vith caterpillar hair. I-xamination under 
higher magnification in the fluorescence mi 
croscope gave the impression that these cells 
were plasma cells; this was confirmed by 
staining control sections with the Giemsa 
method (Fig. 5) 

Some of the eyes with high antibody a 
tivity in the aqueous humor showed diffuse 
fluorescence, due to antibody in the deeper 
lavers of the cornea, but there was no cel 
lular fluorescence: the antibody seemed to 
he adsorbed to the fibers and to Descemet’s 


membrane (Fig. 6) 


COMMENT 


experimental data obtained rabbits’ 
eyes after injection of egg albumen confirm 
that antibody in the uveal tissue is present in 
the infiltrating plasma cells. The mesenchy 
mal cells of iris and ciliary body were not 
found to contain antibody; neither were the 
epithelial cells nor the corneal cells. In 
some cases of high antibody activity of the 
aqueous humor antibody was adsorbed to 
Descemet’s membrane and to the fibers of 
the corneal stroma. There seemed to exist 
a general correlation between the antibody 
activity of the aqueous humor and the num 
her of antibody-containing cells in the uveal 
tissue. I*yves with high agglutination titers 
in the aqueous humor showed many fluores 


cent plasma cells in the iris and ciliary body. 


In only one eye, showing moderate antibody 


activity after pretreatment with caterpillar 
hair, could no fluorescent plasma cells be 
found 

On the other hand, there was evidence 
that after intraocular injection of egg al 
bumen, antibody formation was not limited 


4 
— 
- 
: 
: 
| 
ix 


to the inflamed uveal tissue alone, but thi 


there probably was systemic formation as 


well, since considerable amounts of anti 
bodies were present in the serum of the rab 
bits (e. g.. Rabbit 3 and particularly, Rab 
bit 4). Verv similar results have been re 
ported by Seegal and Seegal* in stud 


found that after intraocular injection of ty 


ies on local organ hypersensitiveness 


phoid vaccine antibodies appeared in_ the 


serum as early as the 4th day, but not until 
the 12th day in the aqueous humor. Later, 
after six weeks, tissue fluids of the eye 
showed higher agglutination titers than the 
serum. No protein determinations were cat 
ried out by these authors 

Remembering that antibody could be dem 
onstrated only in the cytoplasm of plasma 
cells lying deep in the stroma of the iris of 
in small foci, one must consider the possibil 
ity that a great part of this antibody, lib 
erated from the plasma cell, does not neces 
sarily find its way into the aqueous humor 
of the eye, but may well be absorbed into the 
and ciliary body 


the 


blood stream within the iris 


and, therefore, appear later im serum 


The antibody found in the aqueous humor 
may be due partly to penetration of plasma 
cells into the posterior and anterior chambers 
and partly to diffusion of gamma-globulins 
the blood the 


Thus, the quantity of antibodies determined 


from into aqueous humor 


in the aqueous humor does not necessarily 


reflect the total antibody formed in this eye 
On the other hand, it might be that in special 
antibody formation takes 


cases the entire 


place in the inflamed eve; in such instances 
the local inflammatory process would be the 
source of the antibody found in the serum, a 
has been pointed out by Goldmann and Wit 
mer.” 

Phe method of fluorescein-labeled antibody 
has therefore provided new aspects in the 


question of antigen and antibody presence 


within the eye, as was pred ted by Ashton ® 
‘There 


between 


in his report on allergy and uveitis 
little that 
antigen and antibody actually take place in 
the eve. It will be the tas} 


can he doubt reactions 


of future re 


big Reduced shghtly trom mag 400 
Antibody containing fluorescent cells in ints stroma 
howing plasma cell structure 


to determine the many possible factors in 


volved in such reactions 


VENI ARY 


It was shown that local antibody formation 


takes place in the inflamed eve atter myection 
of eyy albumen into the vitreous and imto thre 
anterior chamber 
By use of fluorescein-labeled antibody com 
bined with pretreatment of the trozen se 


tions of uveal tissue with a dilute antigen so 


lution, it was found that the cells contaming 


antibody are plasma cell 


There was a rough correlation between 
the antibody activity of the gamma-globulins 
determined by means 
paper 


antibody-con 


of the aqueous humor 


of hemagglutination and electro 


phoresis ——and_ the number of 


taining plasma cells in the uveal tissue 


Caterpillar hair mn the anterior chamber a 
tly en 


a local irritant seemed to act as a shi! 


hancing tactor in antibody production, and 
| 


antibody-containing cells were found in the 
granulomata around the haw 
big. ¢ (kKabbit 3 to ob mag 
Antibody activity of m 400 1 790 
ind membrane 
™ | 


| 
} a 3 
| 
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Ibert H. Coons gave me the facilities o 5. Coor ‘. H Leduc, | H 
his department and instructed me in the immune Localization of Antige it} 
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Connolly gave technical assistance x] Med. 93:173-188, 1951 
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pHiso Hex lis 


CARROLL W. BROWNING, M.D. 
and 
JOHN LIPPAS, M.D., Dallas, Texas 


pHisoHex (pHisoderm with hexachloro 


4 phene) is widely used as a preoperative 
cleansing agent for ocular surgery. A review 
of the literature revealed no reports pertinent 
to the effects, favorable or unfavorable, ot 
this bactericide upon the human cornea 

Our recent experience with the use ot 
pHisoHex as a preoperative cleansing agent 
for the face and lids indicates that this prepa 
ration is capable of inducing chemical in 
jury to the corneal tissues 

\ study ot pHisoHex keratitis 1s presented 
in three sections 

| Report of clinical cases of pHisollex 
keratitis 

If. Observations on pHisoHex induced 
keratitis in the rabbit and dog 

IT]. Histopathology of pHisoHex keratitis 

in the rabbit and dog 
1. REPORT OF CLINICAL CASES OF PHisollex 
KERATITIS 

Following are the clinical reports of two 
cases of deep keratitis which developed in 
adult patients following the chance introduc 
tion of small amounts of pHisoHex into the 
companion eye during the preoperative 


cleansing of the face and lids for evisceration 


and enucleation. As the postsurgical re 


coveries of both surgical eyes were uncom 


plicated, the observations will be confined to 


the pHisoHex-contaminated eyes 


Case 1.—C. H. (City-County Hospital # 116377) 
Evisceration of the left eye was performed June 20, 


1954, on a 58-year-old white woman as the terminal 

From the Division of Ophthalmology, South 
western Medical School of University of Texas 


iulminating 


Management an twitractable and 


Jacillus pyocyaneus corneal ring abscess 


\ preoperative preparation was made otf the 
patient’s face and lids with pHisoHex. The surgical 
eye was then irrigated; the compamion eye was not 
irrigated, as pHisoHex contamination of that eye 
was not considered to have occurred, A protective 
pad was placed over the nonsurgical eye to avord 
bacterial contamimation and corneal abrasion 

At completion of evisceration, with the patient 
under general anesthesia, the nonsurgical eye was 
noted to be injected and the cornea slightly hazy 
No corneal abrasion was observed. The injected 
eye was irrigated by the surgeon; chlortetracycline 


(Aureomyein) was instilled and a binocular dressing 
On the first 


appeared markedly injected and showed 34 chemo 


postoperative day, the right lobe 


The lid conjunctiva was congested, and there 


sis 
was marked blepharospasm. A. slight mucoid dis 
charge was present in the lower cul-de-sac. The 
cornea was generally hazy, and further examination 
was deferred because of the marked discomtort 
induced by lid elevation. Material for a smear and 
culture was taken. Chlortetracyeline poly 


myxin ointments were prescribed to be administered 
at two-hour intervals 

On the second postoperative day, lacrimation and 
blepharospasm of the right eye were pronounced 


\ 44 


Was a 


mixed bulbar injection was present. There 


small amount of mucofibrinous exudate im 


the lower cul-de-sac. The cornea was generally hazy, 
with a large, centrally situated epithelial denudation 


occupying approximately three-quarters of the cor 


neal surface. The limbal margin of the cornea was 
epithelized and clear. There were folds in Desce 
met’s membrane. No focal corneal infiltrative 
changes or ulcerations were present. Chlortetra 
cycline ointment was instilled, and the eye was 
patched, A diagnosis of deep chemical keratits 
probably pHisoHex-induced, was presumed, Vision 
was markedly reduced 

On the third postoperative day, the smear and 
culture returns showed only a few diphtheroids 


was placed on homatropine drops and 


hie 


area of denuded epithe 


The patient 
discontinued compunctt 


The 


lium was decreased in diameter, and a 


antibiotic medication 


val injection was less 


sizable area 


of central deep stromal edema was present 


Over the next five days, the 


the 


global injection 


Deep 


817 


sed and cornea became epithelized 


regre 


- 


pHisoHes 


M.) 


illumination 


Nine days 
Drawing 


alter 


stromal haze and edema persisted in the central 


two-thirds of the cornea 


reports of the biomicre 


in the 


Following are the 
of the 


observations cornea made postoperative 


recovery period 
The first 


the second 


hiomicroscopic examination, made on 


postoperative day, revealed a mottled 


haziness of Bowman's zone, composed of aggregates 

The 
and thickened to 
half times the cl 


swelling appeared to be localized 


ol punctate gray opacities central corneal 


stroma was edematous approxi 


mately one and one ar periphery 


The parenchymal 


in and slightly beyond the central area devoid of 


epithelium. The corneal stroma revealed interlacing 


and intersecting tracts and clefts of edema in all 


the lamellar planes, with increased intensity toward 


Descemet's Descemet's membrane revealed 


folds 


swelling and striation. The 


many corresponding to the area of stromal 


endothelium was clearly 
delineated peripherally, with bedewing on approach 
ing the area of parenchymal swelling. The mosaic 


pattern became lost within the area of edema. The 


central surtace of the ec i was heavily 


cust -like 


revealed a 2+ flare 


poste rir 


sprinkled with fine opacitie The anterior 


chamber with many pigment 


particles in thermal circulation 


The second biomicroscopic examination, made 


on the fourth postoperative day howed the central 


corneal haze area to be smaller, 7-8 mm. The cen 


tral mottling ot Bowman 


told 
intensity Phe 


mal stration, and in Descemet howed mn 


change in cormmea wa almost com 


pletely epithelized but heavy iperticial punctate 


present over the area ot opacity Ihe 


thelial 


tippling wa 


central cornea howed enc welling, most 


manitest axially, with an abrupt peripheral margim 


ation where normal mosaic resumed. Myriad pune 


tate pigment aggregate 
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HALMOI 


eqematous area 


vere noted both 


biomucros 


iheentral | 


triati 


hal disturbances ‘ | resent m 


nding considerably beyond the pe riph 


residual epithelial denudation, with intra 


epithelial opacities and staining superficial punctate 


dots centrall 


On the seventh postoperative day, biomicroscopu 


examination showed ne maining are pithehal 


denudation on the corneal urtace The general 
velling 


There 


corneal haze wa muct reduced, and the 


central parallelopiped is pore 


d relucency of Bowmat membrane and 


cemet troma. Descemet 


e posterior pre 


membrane appeared irregularly thickened with focal 


of relucency of variable size. The posterior 


suriace of the cornea H lusted with pigment 


There Aas an accentuation and 


endothe hal 


particle irregu 


larity of the mosaic, simulating the 


bronzing of the guttate cornea. Scattered superficial 


punctate epithelial opacities were present centrally, 
with a heavy superficial punctate epithelial staining. 
The patient still complamed of sensitivity to bright 
light and intermittent global irritation 

a superficial punctate 


Des 


[wo weeks postoperatively 
and heavy 


still present \ 


keratitis, posterior stromal haze 


cemet’s folds were posterior 


floaters 
affected 


corneal pigment noted with some 


flare 


pots 


Vision was 20/20 in the 


and a 


eve 


Six weeks postoperativel tolds im Descemet’s 


membrane still persisted, A guttate alteration of the 


endothelial mosaic was present, with a slight pe 


terior stromal haze. There wi arity iperficial 


hig. 2 (1 M.) Nine days 


illumination 


alter pHisol lex 


Focal Drawing 


== 
~ . terior corneal surtace itl the 
| "> A few large solitary pigment sp = ‘ 
within the opaque area and the areas of clear 
On the sixth postoperative day, 
examination showed only a small sul—patch 
— ery of the : 
a 
| 
q 
_ AI | 
% 
i 
| could be seen on the pos 


Phot: graph of rabbit 
ure. Moderate 


of epithelial 


expo 


niet liy 
net 


irtace interior let 


complamed of mtermitter 


20/1 1 
oHex-contam 


very 


Wa 


leature i il 


vray aggregate 


{ the troma iw occasional 


ment spot the posterior 


scattered spots of endothelial 


a circularly distributed pigmen 


lens capsule indicating the area 


contact during the iritice phase 


irritation 


ol 
Marked 


| ig 4 Photog! aph 
pHisoHex exposure 
epithelial denudation 


denudi 


corneal 


rabbit 


Phree-minut 
extet 


cyve 
opacity sive 


ition 


ved 


motthng 


the follow 
com) 
iperticial 
mall punctate 
urlace 
retropouchi 
the 
lenis ¢ 


deep chemical 


ring on anteriof. 


otar apsule 


the 


eye. Five-minute 


opacity; exten 


ive 


pllisotlex produced in Patient 1 a deep 
keratitis requiriny several weeks to resolve, 
with symptoms of global irritation and photo 
phobia still persistent at the six-week post 
pllisottes \t 
alter pllisollex contammation the patient's 
| 


were Hii 


examination nine months 


ind the biomicroscopi 


e minimal 


made witl 


urse immedciatel hetore operative 


Three-minute 
opacity large 


Drawing of rabbit eye 
ure to pHisoHex. Moderate 
area of epithelial denudation 


expo 


lids 


during 


cedure sith irrigation of the surge il eye 


\ protective eye ing was placed over the 


re 


of the companior e to avoid corneal myury 
surgery 


nucleation right pertormed 


patient bemg yeneral anest! a, with a 


lation urgery Wa 

end ot 
light 


Ihe 


mipation eye at the 


conjunetival hyperemia and 


but no corneal abra 


1 


irrigated with 


instilled 


examination 


the 


yperative day, the 


hyperema ot 
i ] ylobal chemo 
yenerally hazy and the 


photopl obia and ble 


i, with 


considerable 
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Case 2--L. M. (Methodist Hospital # 209370 
a 45-yeat white nurse. Enucleation is per 
A lormes n Nov. 10, 1954, at tl patient request 
a hecause recurrent attack irimdocyelitt ind 
4 cosmet! listiwuratiot in amibly eve wit i 
tanding retinal detachment al beet 
Preoperative cleansing of the skin of the tac und 
| 
g. 3 
so cx 
punctate ippling vith a nerease in the previously 
capsule. The patient still 
ing, and light sensitiveness 
mont! postoperatively the visual acuit - 
ited 4 
t stromal » 
4 
| 
, = hyperemic cye was ME saline and chlor 
tetracycline ointment Mi, A monocular dre 
ing was applied to the eye operated or 
On the first post: 
Caw 
« £F of the leit eve reveal 
bulbar and lid conjunetis 
1s Ihe cornea wa 
patient ex ibited 


hig. 6.-Photomicrograph from rabbit eye. Five 
minute pHisoHex exposure. Hydropic endothelial 
changes 


pharospasm. No discharge was present in the cul 
de-sac. No specific areas of corneal infiltrations 
were observed. The dressing was not changed on 
the enucleated eye and the patient was placed on 
treatment with chlortetracycline ophthalmic oint 
ment three times a day im the affected eye 

On the second postoperative day, the left eye 
showed 34 injection, with the corneal epithelium 
completely denuded save for a marginal epithelial 
cuff. The cornea had a 34 general opacity, with 
heavy striation of Descemet’s membrane. Cortisone 
ophthalmic ointment was instilled and a dressing 
applied 

In the subsequent postoperative days the global 
injection progressively resolved with treatment 
consisting of daily instillation of cortisone ophthal 
mic ointment and dressing occlusion of the affected 
eye 

ty the fifth postoperative day the globe was pale 
and the cornea epithelized. A large area of corneal 
edema opacity, approximately 8 mm. in diameter, 
persisted centrally and subcentrally. Heavy striation 
of Descemet's membrane was still present, and a 
marked edematous thickening of the lower two 
thirds of the cornea was present. The anterior one 
third of the cornea was slightly hazy, with the 
predominant keratitic involvement occupying the 
posterior two-thirds of the stroma, The patient was 
able to count fingers through the peripheral clear 
portion of the cornea. A diagnosis of pHisoHex 
chemical keratitis was made at this time and 0.5% 
cortisone (Cortone) drops prescribed, to be instilled 
at two-hour intervals 


Fig. 7.—Photomicrograph from dog eye. Five 
minute pHisoHex exposure; 24 hours later. Hy- 
dropic endothelial swelling 


On the eighth postoperative day, the patient was 
discharged from the hospital with a pale globe and 
persistent corneal edema opacification of the approx- 
imate diameters noted on the fifth day. The density 
of the opacity, however, had considerably decreased, 
and the patient was able to read medium-sized 
newsprint with effort. 


On the ninth postoperative day, the first bio 
microscopic examination was made. A central cor- 
neal edema approximately 68 mm. in diameter, 
with the long axis horizontal, occupied the subcentral 
area, with the upper extent of the haze overlapping 
three-fourths of the pupillary area. The area of 
opacity showed a marked fusiform edema swelling, 
resulting in a posterior focal thickening of the slit 
lamp beam in the opaque area of approximately 
one-third over the normal peripheral corneal thick 
ness. The anterior one-third of the stroma was 
almost clear, with a generally smooth epithelial 
surface. A superficial punctate epithelial stippling 
was present centrally. The posterior two-thirds of 
the corneal stroma in the involved area showed 
considerable haziness with intensification of opacity 
at Descemet’s level. The opacification of Descemet’s 
membrane consisted of a diffuse, sheet-like haze, 
which was compounded by heavy opaque lines of 
Descemet's membrane folds. Myriad white dots 
were also localized at the level of Descemet's mem- 
brane. The endothelial mosaic could be distinguished 
in the clear peripheral areas but not within the area 
of opacity. A few cells were present in the aqueous. 
No keratic precipitations were noted within or at 
the margins of the corneal opacity. A drawing was 
made of the eye at this time by the medical artist. 
Vision at the time of drawing was 20/25 with best 


correction, not improved with a pinhole dis¢ 


Fourteen days postoperatively the patient’s vision 
was 20/20 in the left eye, with correction. The 
corneal edema was reduced 30% over the previous 
examination, and Descemet'’s folds were much less 
prominent. She still complained of photophobia in 
bright light 


On the 19th postoperative day, the corneal edema 
thickening was gone, with a faint visible haze 
persisting in the posterior cornea over the involved 
area. A few Descemet’s folds remained 

Six weeks after surgery the corneal haze was 
reduced to biomicroscopic proportions, with no 
residual folding of Descemet’s membrane in the 
area of involvement. A faint spotty mottling of the 
cornea was observable under high-power slit-lamp 
study and was present in both the anterior and the 
posterior portion of the stroma. A modified guttate 
alteration was present in the area of the previous 
opacity, with an irregular thickening of Descemet’s 
membrane and spotty retroplacement of endothelial 
cell groups. A moderate pigment dusting was 
present on the posterior cornea centrally and in 
feriorly 
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weeks 


operatively showed no change in the above observa 


Biomicroscopic examination eight post 


tions. The patient still complained of light. senst 


tivity in bright Wlumination and intermittent low 


grade superficial irritation of the globe 
Three-month postoperative findings approximated 
those of the with increased 


marked 
retre place 


six-week observation, 


clearing of the pre-Descemet stroma and 
endothelial 


ment. Symptoms other than bright hght intolerance 


decrease im toci ot mosal 


were nil 


SUMMARY OF CLINICAL OBSERVATIONS 


pHisoHex can produce a severe keratitis 
involving all layers of the human cornea. A 
marked reduction of visual acuity occurs 
during the acute phase of corneal hydration. 
The clinical picture in the two cases presented 
was that of an acute chemical conjunctivitis, 
which readily resolved in a few days, asso- 
ciated with a persistent deep keratitis, re 
quiring many weeks for complete regression, 

The corneas in both cases observed showed 
pronounced haziness, densest centrally, with 
marked edema thickening of the involved 
portions. Only the most peripheral margins of 
the corneas remained transparent. The epi- 
thelium almost denuded, 


was completely 


with a limbal cutt 
thelial 


days, 


remaining. Prompt epi 


restoration occurred within few 


but a superficial punctate stippling 
persisted for several weeks. Heavy folds 
were present in Descemet’s membrane, and 
in neither instance could endothelial mosaic 
he discerned centrally. interstitial clouding 


and stromal edema thickening were most 


intense in the posterior two-thirds of the 


cornea and gradually receded over a tive- to 


eight-week period. The edema regression ap 


peared attendant upon the restoration ot 
endothelial mosaic 
\Ithough 


vision in the affected eye, both complained of 


each patient recovered 20 20 


symptoms of photophobia and intermittent 
superficial irritation of the eye for months 
after the incident. In each case corneal bio 
microscopic residua were present in the fol 


lowing form at four months after pHisoHex : 


l A faint focal mottling pattern of spotty tromal 


relucem most evident im the anterior one 


third of the stroma 


\ modified guttate alteration of the endothe hal 
mosaic with irregularities of Descemet's mem 
brane and foeal retroplacement of endothelial 
cell groups 

ot the central or 


Faint pigmentation posterior 


more severely involved areas of the cornea 


Nine months after pHisolHlex the first 
patient showed only biome roscopic sign 
with signs 2 and 3 reduced to a degree com 


patible with physiologic variation 


Il, OBSERVATIONS ON 


KERATITIS IN THE RABBIT AND DOG 


The objectives of animal experimentation 
threefold: (1) to 
effects of 
pHisoHex upon the corneas of the rabbit 
threshold 


(2) to 
corneal 


with pHisolHex 


were 


evaluate the possible harmful 


and dog; determine the 


time for production of minimal 
injury from pHisoHex contact in these ani 
mals, and (3) to identify the chemical com 
ponent of pHisoHex which was injurious to 


the animal cornea. 


EVALUATION OF pHisoHex INyURY To THE 


RABBIT AND Do CORNEA 


A. One drop of pHisoHex was instilled 
into the right eye of 10 rabbits. The eyes were 
All 10 rabbits showed the fol 
lowing 24-hour changes in the pllisollex 


not irrigated 


exposed eye: 


1. Conjunctival injection of moderate to severe 
degree with accompanying chemosis 
Epithelial denudation averaging 40% of over 


all corneal surface loss 


Epithelial and through and-through stromal 
haze of a severity that grossly blurred the iris 
stromal pattern in the area of severest in 
volvement 

Hyperemia, moderate to pronounced, of the 


surface vessels 


stromal 


14 days 


A biomicroscopically observable 


haze residuum was still present at 
after pllisollex exposure 
Fluorescein staining revealed superficial 
punctate keratitis still to be active 14 days 
after pHisoHlex in & of 10 rabbit 
B. Two drops of pHisollex were instilled 
10 


used because ot the 


into the right eye ol (Two drop 


were copious lacrimation 


#21 


response of the dog, and the larger globe ) 
lhe eyes were not irrigated \t 24 hours 
the pHisollex-exposed dog eyes showed 
variable degree of conjunctival injection 
ind keratitis, corresponding in type to that 


observed in the rabbit eve eyes 


} 


owed focal epithelial denudation, while 
eye howed a marked superficial pune 
tate-staming keratitis with patchy areas of 
confluence of punctate-staining groups. Some 
tromal haze was present im all eye 

hese eyes were not followed in daily ob 
ervation, but four dogs were killed for hi 
tudl ol deep corneal change pro 


duced pHlisollex 


ovr MINIMA CORNEAI 
pHisoHex Contract 


Threshold) Studies \. In this 
series | drop of pllisollex was instilled into 
both eyes of each of 10° rabbits \t tive 
minutes the eyes were copiously irrigated 
with OO ce. of saline, taking care to wash out 
well the pli a and lid cul-de-saes \t 24 
hours, LOO% of the rabbit eyes showed kera 
changes similar to the nonirrigated 
pllisollex-exposed eyes, varying only slight 
ly in degree of severity of involvement. One 
rabbit in this series was killed at 24 hours 
for histopathologic study 

\t 14 days after pHisoHex, all rabbit eyes 
but one still showed superficial punctate stip 
pling and a biomicrosecopically detectable 
stromal haze 

One drop of pllisollex was instilled 
into each of 26 rabbit eyes and allowed to 
remain for one minute and the eye irrigated 
\t 24 hours, 18 eyes 
showed focal areas of corneal denudation 


with 60 cc. of saline 


with corresponding stromal haze, the areas 
varying from a small pateh 2 mm. in dia 
meter to one-half the corneal surface. Six 
eyes showed marked superficial punctate 
staming of the cornea, and two eyes showed 
no epithelial changes with clear corneas 

€, One drop of pHisollex was instilled 
into five rabbit eyes with prompt irrigation 
of each eye at 30 seconds after pHisoHex 


instillation. ‘These eves showed signifi- 
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cant corneal changes other than an occasional 
slight stippling area with no corneal clouding 
Dog Threshold Studi \ 


of pHisollex were instilled into the right 


| wo drops 


eye of five dogs, and after five minutes of 


pHisolles 


with 60-70 ce. of saline \t 24 hours the 


contact the eves were irrigated 


pHlisollex-exposed eyes showed conjunctival 
redness and a keratitis similar to, but of less 
evere degree than, that in the dog eves in 
the non-irrigated pHlisollex serie 

Four of the five eyes showed a marked 
conjunctival hyperemia with focal corneal 
epithelial denudation and moderate corneal 
haze. ‘The fifth eve showed a marked central 
superficial punctate keratitis but no gross 
areas of epithelial denudation 

3. lwo drops of pHisoHex were instilled 
into 10 dog eyes with irrigation at four min 
utes. The 24-hour findings consisted of slight 
to moderate corneal edema opacity in nine 
eyes. live corneas had focal epithelial de 
nudation, lFour eyes displayed heavy super- 
heial punctate corneal staining, with patchy 
areas ol confluc nce of many Stamming groups 
One eye showed only minimal punctate 
staining 

€. Two drops of pHisoHex instilled into 
five dog eyes with irrigation at three minutes 
produced in all eyes only minimal superficial 
punctate staining with minimal to no corneal 
opacity 


SUMMARY 


I.xperimental studies with pHisoHex in 
rabbit eyes indicate that pHisoHex can 
rapidly, within one or two minutes, penetrate 
the rabbit cornea and produce a moderately 
severe keratitis, which endures for 10 to 14 
days 

Little variation in severity of the keratitis 
was observed between the eyes irrigated after 
five minutes’ pHlisoHex contact and the non- 
irrigated pHisoHex exposed eyes 

The threshold time for rabbit corneal in- 
jury, characterized by partial epithelial de- 
nudation and minimal corneal haze at 24 
hours, appears to be approximately one min 
ute, with 69% of eyes showing some epi- 


thelial denudation after 60 seconds’ exposure 
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\ superficial punctate staming at 24 hour 


can be produced im_ the rabbit eve by a 
short a pHisolles contact tine as 30 
seconds 

plh olle produce similar change in 
the dog cornea threshold time tot 
pHisoHex myury to the dog’s eve was some 
what higher, possibly due to the copiou 
tearing response ol the dog’ eve, and to a 


vreater corneal resistance to pl lisolHlex pene 


tration Phe threshold for pllisolles myury 
to the dog cornea appears to be approxi 
mately four minute with focal corneal ce 


nudation or patchy confluence of staming 


areas, and some degree ot stromal haze devel 
oping in the majority of the eyes exposed for 


this period of 


pHisoHex rok INJURY TO THE 
\NIMAL CORNEA 

pllisoHex (Winthrop-Stearns, Inc.) 


essentially composed of (1) approximately 


8O% Entsufon.* a sulfonated ether (sodium 


octylphenoxyethox yethy! ether sultonate ) ; 
(2) hexachlorophene, 3%, and (3) esters ot 
hvdrous wool fat U.S.P 

\. ‘Ten rabbit eyes received 1 drop each 
of 3% pure hexachlorophene suspension im 


\t 24 


nine eves had clear corneas with no 


saline. The eves were not irrigated. 
hours, 
superficial punctate staining. One eye showed 
a small focus of minimal punctate staming 

B. One drop of trinitrotoluene (Triton, or 
14 
irrigation. 


all 14 eves showed focal 


pure Entsufon) was put in rabbit eves 


with no followimy 24 hour 
areas of corneal epi 
thelial denudation with corresponding deep 
stromal haze 

Trinitrotoluene instilled (2 drops) imto 
10 dog 
of focal epithelial 


he 


the right eve ot produced 24 hour 


chanye denudation with 


corneal haze in & eye remaining two 


dog eye showed a up rhicial pum tate kera 
titis, pronounced in one eye and mild in the 
other 

G-11 hexachlorophene were provided by Dr. Thur 
ber Guild f Winthrop-Steart ly for tl 


experiment 


1). hlorophe ne 3% 


2 drop ) placed 


each a 10) dog eves produced corneal 


chanves in 7 eves and moderate supertieral 


punctate 


IMAI 


Six rabbit eves showing characteristic 24 


hour pllisoble changes to a. tive-muinute 
pllisol le exposure were prepared 
affin and stained with he matoxvin and eosin 
Phe tollowing general tisstie change Were 
noted in multiple sections studied 


he corneal epithe lium as large 


areas, Some sections show tromal thicken 


ing in the area of epithelium and endothelium 


disturbance Phe stroma is edematous, with 


interlamellar separation seen im many sec 


tions. Indothelial changes are present, vary 


ing in severity from a muld edema at the 


margins of the area of pHisollex penetration 
to complete absence in some central portions 


pond entirely to the areas ot epithelial dam 


endothelial alteration does not corres 


age, extending in some diameters beyond the 
The 


intracellular 


point ot epithelium loss peripherally 


endothelial cells are swollen by 
edema. with alteration of the nuclei to dis 
torted variable size and shape. A 


torms ol 


clear edema fluid lake surrounds the abnor 
mal nuclei, distending the intact cytoplasm 


endothelial cells are covered with 


membrane some areas the edematous 
protem 


are 
cell 


epithelium 


coagulum, ‘The limbal transitional zone 


variably infiltrated with inflammatory 


In the peripheral corne al areas 


is intact, there 1s me tromal edema and the 


endothelium shows a normal configuration 
with flat. oval nuclet. ciliary body 
thelium is normal, and there is small 


amount ot protem coagulum in the anterior 
chamber 
he 


Mcrease 


iris vessels are engorged, but no cellu 


lar evident im the an tromal 


tissue In the eves where the capsule 


the 


few section No 


wreserved, there 


intracellular edema ot ubcapsular epi 


tent 


Const 


ul ilar epithelial change 


Wnequivoca 


could he observed tl roughout the section 


pHisoHex KEK 
helium) in 
moa 


A 
Tissue studies of the pllisollex-exposed 
eyes indicate that pHlisollex penetrates the 
rabbit and dog cornea, producing hydropic 


endothelial cell damage 


MMARY 
lwo clinical cases of pHisollex keratitis 
are reported and described 


ol pH ollex 


The component 
causing corneal injury is tri 
mitrotoluene (lentsufon ; Triton), a sulfonated 
ether. ‘Trinitrotoluene can quickly penetrate 
the rabbit and dog cornea, producing a deep 
keratitis with epithelial loss and hydropic 
welling and sloughing of the corneal endo 
thelium 

The ultimate outeome of the corneal injury 
in the clinical cases observed was complete 
recovery of gross corneal transparency and 
visual acuity 

The threshold contact times for induce 
ment of pHisollex injury to the rabbit and 
doy cormmea appeal to be approximately one 
and four minutes, respectively. The thres 
hold time for human corneal injury is not 
known 


COMMENT 


Lhe two cases of postoperative keratitis 
reported were resultant from pllisollex con 
tact with the corneas of nonirrigated com 
panion eyes, throughout the period of sur 
gery. Lhe threshold of human corneal re 
sistance to pllisollex penetration is prob 
ably higher than that of the rabbit and dog 
When one considers, however, the two clini 
cal cases presented and the consistent pro 
duction of keratitis in the rabbit and dog 


eye by a short preirrigation exposure of the 


A, ARCHIVES OF OPHTHALMOLOGY 


cornea to pHlisoHex, it becomes conceivable 
that at least an occasional postoperative deep 
striate keratitis may be pllisoHex-induced 

In intraocular surgery, the possibility of 
a residual dilute concentration of pHisoHex 
persisting in the conjunctival cul-de-sac 
following inadequate irrigation should — be 
considered, minor concentrations of 
pHisolHlex with direct access to the endo 
thelium through the surgical incision would 
appear to be capable of producing endothelial 
damage 

The manifest treatment of pHisoHex 
keratitis 1s its prevention 

It is suggested that if pllisollex is used as 
a preoperative bactericide on the skin about 
the eyes the following precautions be taken 

1. The surgical preparation should be made 
by the surgeon himself or by an assistant 
who has an intimate knowledge of the poten 
tialities of the drug for producing severe 
ocular inflammation. [articular precaution 
should be taken to avoid ocular contamina 
tion im patients receiving general anesthesia 

No local anesthetic should be dropped 

mto the eyes prior to the pHisolflex skin 
cleansing, thereby removing the patient's sen 
sory protection against a pHisollex burn 
The eyes should be immediately irrigated if 
the patient complains of burning at any time 
during the cleansing procedure 

3. Both eyes should be routinely and copi 
ously irrigated after pHisoHex lid and skin 
cleansing 
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C fo the Histopathology of 


JONAS S. FRIEDENWALD, MD. 
and 
DOLORES RYTEL, Baltimore 


Until quite recently a major puzzle in re 
spect to the pathogenesis of radiation cataract 
has been the long lag period between ex 
posure and the first visible signs of opacifi 
cation in the lens. Von Sallmann * has shown 
that mitotic and other nuclear injury in the 
liens epithelium is an immediate effect of ex 
posure to ionizing radiation, and Cogan’ has 
found that these injured epithelial cells mi 
grate posteriorly under the lens capsule, thus 
causing the posterior subcapsular dise-shaped 
opacity which is so characteristic of radiation 
cataract. There remains, however, a very 
large gap in our knowledge, tor we have as 
these 
epithelial cell changes with the subsequent 


vet no firm grounds for connecting 


damage to lens fibers and the developme nt ol 


cortical opacities in the lens. The present 
study is an attempt to narrow this gap by 
secking the earliest recognizable changes in 


the lens fibers 


The study of the histopathology of the lens 
cortex has been handicapped by the brittle 
ness of this tissue on paraffin or celloidin em 
bedding and by the relatively homogeneous 
the tis 


appearance ol with the 


The interior of the 


sue usual his 


tole vical stains lens fi 


bers is essentially structureless 


except lor 
the presence in 


The 


cortex 


some fibers of a cell nucleu 


chief cytological landmarks in the lens 
the cell 


\ttempts to stain the cell 


miust 


of the lens 


therefore be surtaces 

fibers 

surfaces with heavy metals, analogous to the 

From the Wilmer 

Johns Hopkins 

This study was 


trom the \tomn 


Ophthalmological 
University and Hospital 
supported by a grant-in-aid 
Energy Commission 


* References l and 2 


Institute 


silver stains of nerve fibers, have been made 
over at least seven or eight decades. Though 


oceasional brilliant preparations have been 
achieved, the results of these stains have gen 
erally been patehy and irregular and com 
plicated by large numbers of irregular and 
unpredictable artifacts. The 


the precipitated heavy 


substitution ot 
copper tor silver as 
metal * considerably improved the histologa 
cal picture, 
soluble 


nent of the cell surface 


the stain being limited to a lipoid 
(presumably phospholipid) compo 
However, the apph 
cation of the copper technique to pathological 
problems has not, so far, been rewarding 
\n opportunity for a new approach to this 
problem arose out of histochemical studies 
in our laboratory on alkaline phosphatase.” It 
was found that with fructose-1.6-diphosphate 
as substrate the reaction product, visualized 
as cobalt sulfide, was deposited on ot 
the cell the 
The nuclei of the lens bow and the nuclei and 


seemed feasible 


nea4r 


surtace of cortical lens fibers 


cytoplasm of the lens epithelium are 
stained by this technique. It 
to use this technique for the study of the 
early morphology of cataractous changes, A 
compared with the heavy metal surface-stain 
ing procedures, this technique had the ad 
vantage of being employed on fresh frozen 
sections and, hence, of being free from fixa 
tion artitacts 
METHOD 
Hisrotocican 


The histological technique used was that pre 


viously described. In 


rat lense it was 


adapting this technique to 


found increase the 


16 dipho phate to 0 16M 


this ester wa 


necessary to 
concentration of tructose 


The magnesium t of 


for the 


ubstituted 


barium salt which was used in previou 


experiments, thus eliminating the conversion of 


barium to sodium salt 


Immediately after enucleation the eye was 


mounted in saline on the 


tage ol a freezing micro 


tome and 204 sections were cut, using the technique 
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hip. 


Celloidin section of rat let with palac 


cataract courtesy of von Sallmann. Sagittal 


ectpon 


through the lens bow stained with hema 


toxylin and 


fiber 


cosin, showing hydrop 


Reduced to 90% of mag. ~ 250 


Incubation Mixture 


Aminoneetic acid 


kel 


sodhum 


buffer, pH 


saturated acetate 


solution 
Saturated sodium acetate solution 
CaCle 4% 

Me('ly 0.96 M 

Het 


Holled kidney extract 


(glass distilled) 


Fructose 1.6 diphosphate 


Saturated 


(Mg salt 


Filtered after belog incubated at 37 
1 he 


hig. 2.—Fresh frozen section of rat len 
with the alkaline 


fructose-1,6-diphosphate a 


with 


galactose 


cataract stained 


phos 
phatase method with 
substrate 
lens fibers 
Note 


how a 
these 


Equatorial section showing hydropic 
Some ot the swollen cells contain nuclei 
that the 
double 
fluid 


mitercellular 


boundaries of the hydropic regions 


layered membrane that 


indicating 
accumulations are 


90% oft 


mitracellular, not 


Reduced to mag. « 500 


big Same section as Figure 2. Reduced to 


of 1000 


may 
of White 
incubation 


The procedure of 


Allen.* 


je riod 


\t the 


sections 


and end of the desired 
with a 


CaCl, 


were washed 
alec hol and 4% 
Maengwyn-Davies 


solution of absolute 


and Iriedet 


wald? were used for staining and mounting 


(;ALACTOSE CATARACTS 


Female albino rats 150) gm., 


30% 


starch 


weighing 
50% 


20% 


were 


placed on a diet of 


galactose, nontat 
Bubbles 
near the 
10 days 


deve lops 


powdered milk, and soluble 


or vacuoles in the subcapsular region lens 


equator were usually first seen 7 to 


alter 


onset of the diet The lesion 


rapidly, 


usually resulting in a complete cataract in approxi 


weeks 


days 


mately 


at three 


later, up to 


two were removed for study 


and mature cataract 


formation 


Dianetic CATARACT 


\fter 48% hours ot 


100 gm., 


starvation, male albino 


rats, 


vemhing were given intramuscular injec 


hig. 4 
only 
fibers 


karly 


minimal 


tage of palactose with 


changes in a few of the ler 


cataract 
hydropi 
Section shows the equatorial 


immediately under 


of the Jens = 
: 
oml 
mi 
ied 
f 
drop 
: 
| 
| 
90% of mag. « 500 


Usc 


Seu 10 % } peon 


dy} Ul 


6 


— =" ek 
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Figure 10 


Figure 


| iz 10) and 1] \lloxan diabetes cataract 
ame section as bigure 9, showing hydropic cells 
Reduced to 90% of mag. « 1000 


tion of 35 mg. of alloxan Iwo days after injee 
tion all animals excreted urine which was tound 
to be 34 to 4+ in sugar content. It was frequently 
necessary to reinject animals to sustain a diabetic 
condition during the incubation period of — the 
cataract After five weeks, 75% of the group 
howed equatorial and anterior subeapsular cata 
racts. Rats were killed at weekly intervals after 


this period for histopathological examination 


X-Ray CATARACT 


The right eyes of 100 gm. male rats were ex 
posed to 2000 r of x-rays from an &5 kv., 5 ma 
source screened through 5 mm. of aluminum, with 
an air gap of less than 2 in. (5 em.). Total exposure 
of eight minutes was given in two four-minute runs 
with a brief interval between to allow the tube to 


cool off. Exposure was through a hole in a 3 mm 
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ligure 


bigs. 12 and 13.--XN-ray cataract in a rat five 
months after exposure to 2000 r. Fresh frozen 


equatorial section stained as in the preceding 


Figures, showing hydropic fibers in the subcapsular 


cortex. Reduced to 90% of mag. » 150 
Figure 13 
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Fig. 16 Normal control rat lens sectioned and 
stained as in the preceding igure Reduced + 
90% of mag 100 


lead sheet, which protected the it eye and the rest 
of the animal's body. Depilation and dermatitis ot 


the exposed eyelids resulted, reaching a maximum 


severity im three to tour weeks atter exposure and 
subsequently subsiding with relatively little gros 
damage Keratoconypunctivitt tine resulting 


in widespread corneal vascularization, was regularly 


present, reaching maximum severity tour to six 
weeks after exposure and generally clearing by the 


10th to the 12th week sufficiently not to hamper 


Figure 14 observation of the lens. Fine, dot-like opacities were 

Fies. 14 and 15.—Higher magnification of the generally visible in the posterior subcapsular region 
sections shown in Figures 12 and 13 howing by the time the cornea had cleared sufficiently to 
confluence of some hydropic cells into a singl permit observation, Cortical opacities in the equa 
pool. Reduced to 90% of mag. x 150 torial region were first noted 12-14 weeks alter 
exposure and progressed teadily thereatter 


| wure 


lesion was remarkably umtorm im its appearance 


and progre in different animals. The lett eye 


of the animals showed no lesions 


RESULTS 


The histological pattern revealed by the 


stain in normal rat lenses did not differ trom 


that previously described in respect to rab 
hit lenses. In all three forms of experimental 
cataract hydropr lens fibers were to be found 
hese varied from cells just visibly larger 
than normal to some blown up to LOOp or 
in diameter. That these were really 
swollen cells, and not intercellular accumula 
tions of fluid, could be demonstrated in two 
way In general, the histochemical reaction 
product appears to be deposited just beneath 
the cell surface, so that the common bound 
ary between two cells is characterized by a 
double line. A similar double line 1s visible at 
the boundary of even the largest lesions seen 
Moreover, in some of the swollen cells a cell 
nucleus was visible within the swollen area 


829 


» | | 
ot 
Fae 
* 
= 


In the earliest stages of the cataracts the 
hydropic cells were found in a zone some 
what beneath the surface in the equatorial re 


yion of the lens. This zone was narrower and 


more deepiy located in the galactose and dia 


hetic cataract, and more diffuse and more 


superficial in the radiation cataracts. In ani 


mals in all three series killed at the time when 


ophthalmoscopically visible opacities and 


vacuoles were shortly to be expected, but 
when no opacities were as yet visible, some 
moderately wollen hydropic cell were 


lesions were found in 


killed 


( gala tose series) or two to three week 


found. No similar 


controls or in animals three to 


day 


(X-ray 


series) before visible opacities de 
veloped in other animals of the same group 
It is concluded that hydrops of the lens fibers 
represents the earliest change so far recog 
nized in the lens cortex in the development ot 


cataract of the types studied 

Visualization of the hydropic change ts not 
exclusively limited to the technical procedure 
These 


changes can, on occasion, also be seen in 


used in these experiments. same 


routinely embedded and stamed specimens 


Normal 
500 


big. 17 control rat lens. Reduced to 


ol mag x 


big. 18. Normal control rat lens, showing arti 
factual wavy thickness of section, due to knife 
vibration. Reduced to 90% of mag. » 100 


By permission of von Sallmann, we re 
produce a hitherto unpublished photograph 
(Fig. 1), showing hydropic swelling of a lens 
fiber in the early stages of galactose cataract, 
embedded in’ celloidin and stained with 
hematoxylin and eosin 

Rupture and dissolution of the hydropi 
cells can be seen in the more advanced stages, 
leading to the interfibrillar clefts filled with 
the 


findings in cataractous lens cortex studied by 


protein coagulum, which are common 
routine techniques. The present study throws 
no light on the pathogenesis of this hydropi 
change. 


SUMMARY 


these hist 


chemical reaction has been used primarily as 


In experiments an enzyme 


a morphologic technique to reveal early 


changes in the lens cortex in experimental 


cataract produced by galactose feeding, by 
diabetes, and by exposure to ionizing radia 
tion. In all three types of experimental cata 
ract, the earliest morphologic change noted in 
the lens cortex was hydrops of the lens fiber. 


The earliest appearance of the hydrops was 
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HISTOPATHOLO 


simultaneous with or only very shortly be ENCES 


fore the earliest appearance ot ophthalmo ‘ ilmann, | Experimental Studs 1 


( hange After Roentgen Irradiation 
ch. Ophtl 45:149, 1951 
Sallmann, I Experimental Studs 


the lens corte. was hydrops of the lens fibers ; : 
ly nges After Roentgen Irradiation 


scopically visible vacuoles and opacities in 


the lens cortex. It is interesting to note that 


the phosphatase responsible for the histo rch phth. 47:305, 1952 


| 1 s stil 4 ) 
chemical reaction product is still active. Ruy Con 


ture and dissolution of the hydropic cells , Bite’ d hological Characteristics 


leads to the production of interfibrillar fluid of Radiation A. Arch, Ophth 


47:55, 1952 
4. Friedenwald, |. S.. and Small, Mary | 
w Stain for Cell Surtaces, Bull. Johns Hopkin 


isp. 48: 104 


clefts filled with protein debris 

No qualitative differences were noted in 
respect to the hydropt process in the three 
types of cataract studied, but the pattern of 
ocation of the wdropi cells in the early bution of Substrate-Specific Alkaline Phosphatase 
stages of the lesion was different in radiation jn the Ocular Ti \. M. A. Arch. Ophth 
cataract from that seen in the galactose and  50:671, 19 
diabetic cataracts This study throws no 6. White, R. T., and Allen, R. A \n lmpe 
Clinical Method for Sectioning Frozen Tissues 
Stam Technol 26: | 7, 1951 

7. Maengwyn-Davies, G. D., and Friedenwald 
ce Histochemical Studies Alkaline Phos 
ties and vacuoles in the lens cortex in these ' 

phatases in the Tissue { the at Using Frozen 


light on the pathogenesis of the hydropt 
change, but merely correlates hydrops ol 


the lens fibers with the onset of visible opacl 


types ot experimental cataract Sections, J. Cell. & Comp. Physiol, 36:421, 1950 


CATARACT 
° 


Cll, of aul the 
Astroglia o the | 


J. REIMER WOLTER, M.D., Ann Arbor, Mich. 


The retina ts a part of the central nervous 
system, and its neurons are supported by an 
elaborate system of ghia, as are neurons in 
general, The supporting system of the brain 
contains three types of elements: the astrog 
lia, the oligodendroglia, and the microglia; 
in the brain we possess a solid knowledge 
of all three types of cells. In the human 
retina, on the contrary, with the exception 
of the cells of Muller (radial fibers), not 
much is known of the gha. Friedenwald ! 
stated that “unfortunately, few extensive 
studies have been made on the retina with 
special stains developed in the past 20 or 
30 years to demonstrate neuroglia and mi 
crogha.” This gap in our knowledge is due 
to technical difficulties, since with the con 
ventional histologic procedures or the older 
metallic impregnations it is not possible to 
visualize the gla. However, some of these 
difficulties were recently alleviated by Schar 
enberg,’? who perfected the silver carbonate 
technique of del Rio Hortega and developed 
a new astroglia variant which is very simple 
and reliable and permits the impregnation and 
photomicrographic recording of the astroglia 
of the ¢ N. S., including the retina 
under normal and pathological conditions 

In the present contribution we shall de 


scribe several types of glial elements of the 

Grant-in-aid from the U. S. Department of 
Public Health, Education and Welfare 

From the Laboratory of Neuropathology and 
Neuro-Ophthalmology, Neuropsychiatric Institute, 
University of Michigan 
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Fig. 1.Horizontal section of the inner limiting 
membrane of the human retina with the mosiac-like 
pattern of the inner ends of the elements of Muller. 
Hortega method. Photomicrograph; reduced %% of 
mag. * 700 


normal human retina which have not pre 
viously been demonstrated 


HISTOLOGIC DESCRIPTION 


The order of our deseription follows the 
layers of the retina, proceeding from the 
inner to the outer layers 

The inner limiting membrane is considered 
as representing an acellular product of the 
retina (Kolmer*). This membrane is in- 
timately connected with the elements of 
Muller, the brush-like inner ends of which 
find a firm anchorage in this membrane 
(Fig. 1) and penetrate the retina radially 
(big. 2). In horizontal sections of the retina 
these inner processes of the elements of Mul 
ler form a mosaic-like pattern (Fig. 1), sug 
gesting that the limiting membrane and Mul 


ler’s fibers form a skeleton which supports 


‘ 
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NORMAL RETINA ISTROGLIA AND 


2.— Brush-like 


Fig 


inner processes of the ele 
ments of Muller in a radial section of the human 
retina, forming the black-stained inner limiting 


membrane (a) 
cell layer: (d) 
nuclear 


(bh) Nerve fiber layer: (c) ganglion 

inner plexiform layer; (¢) imner 
Hortega method, Photomicrograph ; 
ODO 


layer 


rechiced to 


of Mag 


the nerve cells, various other glial elements, 
and the blood vessels. The inner surface of 


the inner limiting membrane is partly covered 


by a discontinuous sheet of seattered flat 
cells with long, interconnected processes, the 
nature of which is still obscure ( Frieden 


wald). 


In the layer of the optic nerve fibers, which 
are not myelinated, we were able to visualize 
numerous bipolar glial elements, with an 
elongated nucleus and two long, thin, and 
straight 


processes which 


the 
nerves, but have apparently no connections 
with the brush-like the 


elements of Muller ( Fig. 3). These bipolar 


accompany 


inner processes of 


cells are identical with the elements of Remak, 


Lemmocyte 
not impregnated. (/) 
Horizontal section 


Fig. 3 
fibers are 


aa 


CELLS OF 


(fiber of Remak) of the nerve 
Parts of the 
Hortega method 


brush-like 
Photomicrograph ; 


REMAK 


or lemmocytes (del Rio Hortega). They are 
not astrocytes, and their nature and signifi- 
cance will be discussed later. These elements 
were not found in the area of the optic disc, 


which contains 


astrocytes in all 
of its layers ( Marchesani,*. Kolmer,’ VPol- 
yak *). 

In the ganglion cell layer there are very 
numerous well-ditferentiated astrocytes of a 


numerous 


definite type: These are star-shaped elements 
with a round nucleus and several long and 
slender processes, which maintain an intimate 
and very characteristic relationship to the 
blood vessels and to the neurons (Fig. 4). 
These cells are arranged horizontally, sur- 
round the vessels with a dense network of 


Fig. 4 


cell layer of the human retina sending its processes 


Single astrocyte (arrow) of the ganglion 


between ganglion cells (a) 
small (c-c) blood vessels 
tega method 
mag. YOO 


and 
Hor 


of 


and large (b-b) 
Horizontal section 
Photomicrograph; reduced to 


fiber The nerve 


elements of Muller 


layer of the retina (a-a) 
immer ends of the 
x DOO 


— 
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Detise network of processes of 
ganglion cell layer of the human retina 
ul ve a and b-b) and ganglion 
) are only faintly impregnated, Hori 
zontal section. Hortega method. Photomicrograpl 
reduced to of mag. 


hig. 6.—Processes of astrocytes ()) of the gang 
hon cell layer of human retina forming arch-like 
tructures parallel to the wall of a blood vessel 
(a-a) and surrounding this with large foot-like 
endings. The vessel wall is not stained, but the 
erythrocytes are visible. Horizontal section, Hortega 
method, Photomicrograph; reduced to of mag 


big. 7.—Honeycombed glial structures the 
ganglion cell layer of the human retina. (a) blood 
vessels; (/) ganglion cells. Horizontal section 
Hortega method, Photomicrograph; reduced to 
of mag. * OO} 


OPHTHALMOLOGY 


\strocyte (arrow 

human retina with its long and brat 

Horizontal ection ortega meth 
omicrograpl reduced to 


fibers (kag. 5), and form arch-like struc 
tures parallel to the vessel walls (Fig. 6) 
Between the vessels of this laver numerous 
long processes of the astrocytes form an in 
terconnected, honeycombed structure ol re 
markably regular pattern, which surrounds 
the nerve cells with a protective and sup 
porting network (Figs. 5, 6, and 7). This 
network of the astroglia is placed at right 
angles to the coarser structures of the cells 
of Muller, which, as previously stated, are 
arranged radially ( Fig. 2) 

In the imner plexiform layer there are 
numerous astrocytes which are very simular 
in type to those of the ganglion cell layer: 
They are also. star shaped ; their processes 
are numerous, long, and branched; they 
cross repeatedly and form a dense, horizon 


tally arranged network, but the pattern of 


big. 9 Irregular network of the processes of the 
astrocytes in the inner plexiform layer of the human 
retina \rrow indicates astrocyte Horizontal sec 
tion. Hortega method, Photomicrograph ; reduced to 
ot mag. * 600 
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NORMAL RETINA-—ASTROGLIA AND CELLS OF REMAK 


f astrocytes of the inet 
plexiform layer ( which enter the inner nuclear 
layer with a small blood vessel Lhe 


not stained, but the erythrocytes 


vessel wall is 
are impregnated 
(a) Inner plexiform layer 


(b) inner nuclear layet 
Hortega method. P 


otomicrograph; reduced to 
otf may x OO 


this network is very irregular and differs 


greatly from that of the astrocytes of the 


ganglion cell layer (Figs. 8 and 9) 


The inner nuclear layer contains no astro a 


cytes of its own, but numerous processes of 


1ll.—Dense interlacing 


network of fibers, 
the astroglia of the inner 


plexiform layer which probably represent proce 


sses of astrocytes 
enter it with the blood vessels 


plexiform layer of the 
human retina. (a) Inner nuclear layer, | 
in this layer is 


(Fig. 10) peculiar to the outer 
outer 
The absence of astrocytes 

. nuclear layer. Hortega method. Photomicrograph ; 
not surprising, since most of the space be Ye 60 


big. 12 1, low power of a perivascular astre 
cyte on a blood vessel of the ganglion cell layer ot 
the human retina (a) Hand-like 


cell 


tructure ot the 
urrounding the vessel wall; (4) cell body, and 
(c) spiral-shaped processes of this astrocyte. Hor 


teyga method. Photomicrograp! 


wer of the leit part of the same astro 
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B « | % be 
J 
835 


big. 13.—Scheme of the 
It does not show the 


tween the neurons is occupied by the bodies 
of the cells of Muller, which are 
to be modified astrocytes (Marchesani 
ependymal cells (Kolmer *) 


onsidet ed 


‘) or 


In the outer plexiform layer the astroglia 


variant of the silver carbonate technique 


shows a dense, interlacing network of fibers, 
which probably represent processes of as- 
trogha peculiar to this layer, but these fibers 
cell 


reason to 


could not definitely be traced to the 


identify these fibers with processes of gang 


bodies ( Fig. There is no 
lion cells or of the elements of Muller 

In the outer nuclear layer and in the layer 
of the 
the structures of the 


rods and cones we could trace only 
Muller, 


which form the outer limiting membrane and 
the fibrillar baskets, 


elements of 


but no astrocytes 


In addition to the perivascular types of 


astroglia above described, we found in the 
ganglion cell layer, and in close proximity to 
its vessels, an entirely new type of cell of a 
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architecture of the glia of the 
astrocytes of the outer plexitorm layer 


ARCHIVES OF OPHTHALMOLOGY 


four inner layers of the human retina 
and the perivascular gha 


very complex structure: It has an elongated 


body placed on the vessel wall and numerous 
powerful processes which surround the ves 
sels with irregularly spaced rings and spirals 
(Fig. 12 A and B) 


be present throughout the 


These elements seem to 
and we 
They 


Rio 


retina, 
have seen them also in other layers. 
are similar to the spirocytes of del 
Hortega * and Scharenberg.” 

Figure 13 demonstrates schematically the 


architecture of the glia of the four innet 
layers of the retina but does not show the 
astrocytes of the outer plexiform layer and 
the perivascular ghia, which require a further 


study because of their complicated structures 


COMMENT 


Five new, morphologically ditferent types 
(1) the 


2) the 


of glia were found in the retina: 


lemmocytes of the nerve fiber layer, 
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NORMAL RETINA-—AS 


astrocytes of the ganglion cell layer, (3) 
the astrocytes of the inner plexiform layer, 


(4) the 


laver, 


astrocytes of the outer plexiform 


and (5) the perivascular astroglia 
(spirocytes 
Detailed knowledge of the glia of the hu 
man retina has so far been restricted to the 
cells of Muller, including incomplete ele 
ments of this type ( Ramon y Cajal.” Dogiel 
Polvak 


thors used the techniques of Cajal, Ehrlich 
blue), the 


Marchesani,* Kolmer, These au 


(methylene method of 
but these 
methods failed to impregnate the lemmocytes 


original 
del Rio Hortega, and that of Golgi 
and the astrocytes, as deseribed here 

\s mentioned above, there were numerous 
(cells of Remak) in the 


lemmocytes nerve 


fiber laver. These elements were not demon 
strated previously in the retina 
to del 


these cells are 


\ccording 


Rio Hortega and Scharenberg,' 
intimately connected with the 
so-called “unmyelinated” nerve fibers of the 
peripheral nervous system and represent the 
equivalent of the elements of Schwann, which 
surround the “myelinated” nerves. The pres 
ence of the elements of Remak in the nerve 
layer of the retina 1s not 


fiber surprising, 


since its nerves are not myelinated 
Typical astroglia in the human retina has 

so far not been demonstrated. Kolmer * stated 

that 


proper, although they 


there are no astrocytes in the retina 


found the 
papilla of the optic nerve, and voiced the 


were 


opinion that their physiologic tasks are cat 

ried out by the cells of Muller. Marchesani ‘ 
expressed the opinion that the retina can be 
expected to possess an astroglia network but 
that the original astroglia method of del Rio 
Hortega failed to impregnate these cells 
With the astroglia variant of Scharenberg 


we were able to confirm this opinion. of 


Marchesani and to visualize various types of 


astroglia in the retina without great difficulty 
Polyak 


brous and protoplasmatic astrocytes” in the 


mentioned radially arranged “fi 
retina of the chimpanzee and rhesus macaque 
(Fig. 85, Polyak®) but did not describe 
the dense, horizontally arranged network of 
astroglia which we found in three layers of 
the human retina 


REMAK 

Phe architecture of the astrogha im the 
retina is most closely adjusted to that of the 
neurons and the blood vessels and 1s of det 


initely different pattern in various layers 
Phe elements of Muller form a coarser skele 
ton, between the structures of which the 
delicate network of the astroglia ts spread, 
and both must, unquestionably, be regarded 
as vital supporting and protecting systems 


of the neurons 
The morphology of the perivascular as 
troglia and its relationship to the other ele 
the blood 
studied 


ments of vessel wall are not yet 


sufficiently intimate this rela 
tionship may be is indicated by Figure 12, 
which demonstrates an entirely new type of 
perivascular glia cell, with a large body and 
numerous processes coiled around the ves 
sel. The significance of this type of glia cell 
and its place in the perivascular ghal struc 
tures of the retina are still obscure 


SUMMARY 


The histology of the normal human retina 
has been investigated by Ramon y Cajal 


Dogiel, Marchesam, WKolmer, and Polyak 


These authors deseribed the morphology ot! 
Muller but 


failed to demonstrate the complete glial sys 


the neurons and of the cells of 


tem 

With the improved silver carbonate tech 
nique of del Rio Hortega, it is possible to 
demonstrate various types of astroglia, which 
form an elaborate network, support the 
blood 


There are also lemmocytes (fibers of Remak ) 


neurons, and surround the vessels 


in the retina. The morphology of the glial 
system is adjusted to the requirements of 


the nervous tissue of the retina 


Photomicrographie evidence is submitted 
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C th ermy 


A Clinical and Tonographic Evaluation 


HAROLD G. SCHEIE, MD 

WILLIAM C. FRAYER, M.D 

and 

ROBERT W. SPENCER, MD, Philadelphia 


in 38 eyes treated by cyclodiathermy using a 


paper presents the results obtained 
technique described by Reiser * in 1949, and 
observed by us in Castroviejo’s clinic in 1950, 
Tonographic studies were done postopera 
tively on 13 eyes in an attempt to gain some 
knowledge regarding the mechanism of action 
ol this type of operation. An evaluation of 


cyclodiathermy seems appropriate at this 
time because the operation is experiencing 
a second peak of popularity, the first having 
Vogt’s work in 


\fter his reports cyclodiathermy was 


occurred as a result of 
1936 
widely used, but after a few years it fell into 
relative disrepute in this country. 

Vogt’s original method utilized as many 
as 100 punctures placed in parallel rows, 
beginning 2.5 mm. behind the limbus, over 
an area of the sclera extending one-third to 
one-half the circumference of the globe and 
reaching as far posteriorly as the insertions 
The conjunctiva was 


the 


of the rectus muscles 


first incised to sclera to direct 


expose 
From the Department of Ophthalmology, He 
Pennsylvania, and the 


Philadelphia 


pital of the University of 
Children’s Hospital of 
Read 


Otolaryng: 


before the Section 


of Ophthalmology and 
Medi 


of the Houston 


28, 1955 


Academy of 


cine, Jan 
* References 1 and 2 
3 and 6 


of Ophthal 


through 6 References 


British 


+ References 
are translated in the Journal 


mology (24:288, 1940) 


application ot the electrodes \ 5 


mun 
needle was used in phakic eves and a 1 mm 
needle aphakc eves 

\ ovt recommended the operation for glau 
comatous eyes in which all other surgical and 
had failed, 
uveitis, and in 


medical measures in glaucoma 


secondary to hemorrhagic 


glaucoma. He found that keratitis or necrosis 
of the cornea with permanent corneal opacity 


could occur if the diathermy needle wa 


placed less than 2.5 mm. from the limbus 


Late iris hemorrhages also occurred as a 


complic ation, Vitreous casionally 


Cs aped 


through the puncture holes at the site of ap 


plication of the electrode, but he believed 


that this complication was not undesirabl 
soth favorable and unfavorable results from 
this technique have been reported in’ the 
literature. this they 
were largely discouraging and the Operation 
was gradually abandoned. 


country, however, 


Our own results’ with a small number 


of eyes (16) operated on from 1946 to 1948 
The 


seven eyes, but the eccurrence of 


were discouraging 
trolled in 


tension was con 


corneal edema and permanent corneal opaciti 


cation in six eyes, probably due to endo 
thelial damage at the periphery of the cornea, 
caused great concern 


The angles of the an 


terior chamber, also, had been partially dis 
We, 


therefore, discontinued use of the operation 


organized by the destructive proce 


During the past five years, however, the 


development or new technique for cyclo 


diathermy has stimulated renewed interes* in 


the operation. Bietti* published an excellent 
review of the development of these method 
in 1950. In nearly all of them the electrode 
is applied 6 mm. or more behind the limbu 


a procedure which helps to eliminate the 


B39 
‘ 
| 


danger of damage to the periphery of the 
cormea, and the electrode ts 


10 or 20 sites 


applied at only 
leach appheation is made for 
what 


Both surtace 


a period of 10 of 15 seconds, some 
longer than im ogt's method 
have been used 
Weekers and 
K. Weekers t have been pioneers in the use 


The Weekers, seeking 


which they 


and penetrating electrodes 


\Ibaugh and Dunphy and I. 
of surface electrodes 


a method by might more ac 
curately control the tissue temperature, de 


‘ loped a pyrometric surface electrode, which 


OPHTHALMOLOGY 


using a similar technique, coagulated both 


long posterior ciliary arteries just behind 


the insertions of the retracted horizontal 


rectus muscles. Arato,'® in order to obtain 


better exposure, divided the muscles before 


hand. To reduce the effects of diathermy on 


surrounding tissues, Diaz-Domingues and 


Thiel 


through 


inserted cyclodialysis spatula 


the sclera into the suprachoroidal 
space and used it as an electrode to apply 
directly to the cihary 


the electrical current 


Drawing illustrating the technique 


they applied 12 to 20 times or more to the 


conjunctiva 7 mm. from the limbus. Reiser,§ 


\rruga,'® and others, in lurope, and Cas 


troviejo,|| in this country, have used perforat 


ing electrodes, which they apphed through 


the intact conjunctiva 6 mm. or more back 


of the limbus. Guerry coagulated the pos 


terior cihary arteries by applying the cle 


trode along the visible course Kettesy,' 
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Castroviejo, Ro: Lecture Univer 
Florida Mid-Winter Postgraduate Course 
in Ophthalmology, Miami Beach, Fla., Jan. 18-20 


1951 


given at the 
sity ot 


R40) 


of cyclodiathermy 


used in this study. 
hody. These and other techniques not men- 
tioned here provided a variety from which 


to choose. 

The observations reported in this paper 
were all made upon eyes operated on after 
Reiser.£ and em 


the method described by 


ploved in this country, at least for a time, 


hy ¢ astrovieyo # 
© References 1 and 2 
# Castroviejo, R 
Mid-Winter 
Miami 


Lecture given at the Univer- 
Postgraduate Course 
Beach, Fla Jan 18 


sity of Florida 
Ophthalmology, 


20, 1951 
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Ketrobulbar and topical anesthesia are combined 
with the O’Brien type of akinesia. A 10 to 15 mm 
electrode is applied through the conjunctiva 6 mm 
behind the limbus at & to 10 points evenly spaced 
to cover slightly more than half the globe Phe 
electrode is held in place for 10 seconds at ea 
application. When diathermy of the upper half of 
the globe is desired, the punctures extend trom the 
lower border of the internal rectus muscle to the 


lower border of the external rectus muscle (igure) 


In this way, an attempt is made to obliterate the 
anterior ciliary vessels anterior to three rect 

muscles and further to reduce the blood supply to 
the ciliary body by coagulating the long posterior 
ciliary vessel \s Vogt originally observed, ox 
casional loss of a small amount of thuid from some 
of the punctures is harmle and may even help to 
prevent secondary rises in pressure which might 
otherwise result) tron cleral shrinkage In our 
experience, however, even Hf the tension 1 markedly 
elevated at the completion of the operation, 11 
quickly compensate vithout compheation. Only the 
eye operated on is covered, and the patient ts not 


confined to bed. There is little postoperative pain 
and the patient u ually discharged trom the 
hospital in one or two days 
RESULI 
The method of evelodiathermy just ce 


scribed was used for 38 eyes of 38 patients 
with glaucoma due to a variety of causes 
followed 
and the 


Thirty-two of the eves have been 


for a period of one to four years, 
remaining six, for a period of six months 


Table 1) 


primary glaucoma, the operation was usually 


to one year | In the treatment ot 


used only when one or more previous opera 
tive procedures had failed or when ordinary 
filtration procedures were undesirable be 
fields or 


patient It 


cause of residual because of the 


advanced ave ol the was also 
employed for eyes with infantile glaucoma 
and aphakic glaucoma after other operative 
had failed, 


glaucoma secondary to aniridia and uveitis, 


procedures and for eves with 


conditions in which conventional operations 


ordinarily give poor results, or may even be 
contraindicated 
In this group of 38 eyes (Table 2), the 


ocular tension was controlled in 15 by evelo 
diathermy alone, while the tension in 6 more 


was maintained at a normal level with the 


supplementary use ot The tension 


could not be controlled in 17 eve .. either by 


repeated operation or by miotics. The opera 
tion was repeated one or more times in nine 


CVes and as 


many as tour times m one eye 
without apparent untoward effect upon the 
globe. In reviewing our data, we find that 


the ocular tension im nearly all instances was 


reduced to normal for the first one to six 
which it 


rise, We 


etlectiveness 


months following operation, after 


again showed a tendency to feel, 


therefore, that the evelodia 


thermy cannot be evaluated until at least six 
months, or even a full year, has elapsed sinec 
failed to control 


the ocular tension in any of the 


operation. Cyclodiathermy 


six eyes with 
infantile glaucoma, although in one of the 
eves good control was maintained with sup 
plementary miotics 


\Ithough the operation has Hot heen 1 
tirely successful the 


it ha 


control of ocular 


tension , nevertheless, been a safe pro 


cedure in this small series of eves. The one 


eye in which phthisis bulbi developed had 
previously been subjected to keratoplasty for 
scarring due to previous 


severe interstitial 


keratitis. Following the keratoplasty, severe 


ondary vlau 


necessitated an iriden 


clesis with sclerectomy. Another eye ce 
veloped a rather severe postoperative irido 
cyelitis, which subsequently subsided. In the 
majority of patients, however, the operation 
caused surprisingly little reaction, No corneal 
opacities, intraocular hemorrhages, infes 
tions, or other complications were observed 
We believe, in view of its safety and the fact 


that it 


controlled the ocular tension im 15 


of 38 eves 


without muiotics and in 6 more 
with that it is a worthwhile pro 
cedure for the ophtha ln urgeon to have 


available 


TLE 


Several explanations of the 


mode of action 


of evelodiathermy can be found in the litera 


ture. The operation may act by damage to 


the nerve supply of the ciliary body, causing 
reflexes; by diminution 


alteration of axon 


of the blood supply to the ciliary body, re 


sulting in atrophy, 


or by changes in permea 
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Paute 2 yummary of Kesults of C yclodiathermy in one of the two eves studied both preop 
m lhirty-light kyes 
eratively and postoperatively. We could not 


be certain but that these findings were com 


(#15 punetures; 6 mm. from Imbus) 


Tension eontrolled | patible with obliteration of blood supply and 
With mioties 
mn miot os atrophy of the ciliary body. In five of the 
Without mioties 15 
F allure 17 eyes in which the ocular tension was not con 
Potal on trolled by cyclodiathermy, the values ob 
(omplieat 
Phthisis bulbl , tained for the production of aqueous were 
‘ pridoeyentie 1 all within normal limits. Of the two eyes 
(orneal opacity 0 
subjected to tonograph both before and 
i after cyclodiathermy, the tension in one had 
ility either of the ciliary blood vessels or been controlled without supplementary mio 


of the blood-aqueous barrier. Weekers and tics, while in the other the operation had been 


l’rijot'* have recently reported the results 
a failure. In both these eyes the outflow 
a of tonographie studies indicating diminished wget 
; values were diminished before and after op- 
aqueou production 
We have studied 13 of the eves reported eration, while aqueous production appe ared 
» markedly diminished postoperatively only in 
in this paper by tonography, but in only 2 
own S10 as contro 
b: eves could these studies be made both before the eye in which the tension wa ntrolled. 
ind after operation (‘Table 3) The findings in these 13 eves indicate that 
Lone raphi traci done after all re cyclodiathermy exerted its effect by reducing 
wrap ‘ ) « 
action to the operation had subsided demon the flow of aqueous mto the eve 
trated a considerably diminished production 
COM MENT 
‘ from that of normal eyes. The facility of out 


flow was also very poor, indicating that One of us (H. G, S.) has previously re 


cvelodiathermy had decreased the production ported the results obtained in 16 eyes op 


of aqueous, This was particularly well shown erated on by the original Vogt technique 


Pawn Tabulation of Tonographic Studies on Thirteen Eyes Operated on by ( diatherm 
Tonovraphy Before Tonography After 
Date of Preop (‘'ycelodiathermy * Postop (‘'yelodlathermy 
('yelo Tension Tension 
Patient Diagnosis diathermy Mm. He ( k Mm. He K 
| | Chronle simple 1/24/51 19 0.08 069 
viaueoma OS 
Mou Chronie simple 7/51 45 48 0.05 
glaucoma OS 
Dw Cilauecoma sec 4 ! 0.04 1.74 
to uveitis OS oft 
Aphakie glau 6/ 6/01 0.18 06 
a 
A.N simple 6/12/51 0.07 
gianecoma OS / 6/82 
IW Chronie simple 0/12/51 0.04 
viaueoma OD 2/13/62 
4 
* 4 W Chronie simple 10/10/51 151 
q glaucoma OD 
Lp Glaucoma see 10/24/51 7 0.04 0.97 
to uveitis OD 
Chronle simple “4 0.10 200 
glaucoma OS 
Glaneoma sec 10/ 1/53 O14 0.81 
to uveitis OD 
Aphakie glau 0.06 168 0 
eoma OS 
wd Glaucoma sec 7 0.04 1.53 8 0.15 
to uveitis OS 
Glaucoma see. to 2 0.07 1.20 
herpes zoster 
ophthalmicus OS 
* C indieates facility of outflow; / rate of aqueous production 
R44 


| 
i 
ia 
ts 
: 
= 


CYCLODIATHERM) 


of cyclodiathermy. This type of operation was 
discontinued in 1949 because of the erratic 
control of tension and because placement of 
the cautery 3 mm. from the limbus resulted 
in a rather high incidence of corneal edema 
and opacification 


More recently, techniques have been de 


veloped which require only a few applications 
of the electrode at least 6 mm. behind the 
limbus. 


Because of increasing enthusiasm for these 


methods in the literature, we began to employ 


an operation discovered by Reiser. Eight to 
10 applications of a 1.0 to 1.5 mm. electrode 


are made through the intact conjunctiva 


6 mm. behind the limbus over slightly more 
than half the globe. 


Thirty-eight eves were operate d on by this 


method ‘Tension was controlled In 15 eyes 


without miotics and in 6 more by the sup 


plementary use of 


miotics, while tension 


remained uncontrolled in 17 eyes. The opera 
tion 


was used in 


Tinary glaucoma when 
] 
had the 


of residual fields made it undesir 


other operations 


failed, or when 


pre SCTICE 
able to lower the tension abruptly, in infantile 


glaucoma, and in 


glaucoma secondary to 


uveitis 


and aphakia. Neither 


sympathetic 
ophthalmia nor any other serious complica- 


tion was encountered 


It is apparent that the operation does not 
always succeed in controlling ocular tension. 
Results are almost uniformly good for a few 
months, but tension may again rise as much 
as six months, or even a year, after opera 
tion. It seems to offer one of the safest ap- 
proaches to glaucoma, however, and we con- 
tinue to advocate its use when more conven- 


tional surgery when ordinary 


has failed, or 
surgical methods are considered hazardous. 


the K 


which the ocular tension has been controlled 


Reduction of value in all eyes in 


indicates that control of ocular tension re- 


sults from a diminution in the production of 
aqueous humor. Increased ocular tension, 
therefore, is replaced by diminished aqueous 


production, an equally abnormal situation. 


SUMMARY 


AND CONCLUSIONS 


\ recent method of cyclodiathermy in- 
volving 8 to 12 applications of the electrode 
placed 6 mm. or more back of the limbus for 
10 seconds at each site proved to be a safe 
operative procedure in this series of 38 eyes. 

Control of ocular tension is not uniformly 
successful. The tension wa 
without 


s controlled in 15 


eves miotics and in 6 


more with 


nuotics given postoperatively 


curred in 17 eyes 


Failure oc- 


Tonographic studies indicate that reduction 
ol intraocular the result of 


marked inhibition of aqueous production 


tension was 


We believe that the operation is indicated 


in primary glaucoma when other, more con 


ventional, 


operations have tailed on 


are 
considered hazardous, or in secondary glau- 


coma HW operation cannot be avoided 
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the Sporicidal Activity 
of P. Sterilizing 


SIDNEY RIEGELMAN, Ph.D., San Francisco 
DANIEL G. VAUGHAN Jr., M.D., San Jose, Calif. 
and 

MASAO OKUMOTO, M.A., San Francisco 


kor many years ophthalmic surgeons have 
been utilizing germicidal solutions in attempts 
that 
of the instruments are not 


to sterilize their instruments. The fact 
the cutting edges 
injured by these 


their use. The 


solutions has popularized 


reliability as sterilizers has 


recently beet (ue tioned, however 


It is essential at the 
procedure that the 


they 


time of an operative 


instruments be 


surgeon 


as sharp as were prior to sterilization 


Autoclaving is an unequivocal method of 


achieving sterility and is adequate for the 


instruments used in general surgery. Unfor 


tunately, however, autoclaving may cause 


deterioration ot the sharpie s of the 


lelicate instruments used in ophthalmic sur 


gery. Another certain way of achieving steril 


heat. The disad 


the length of time 


ization is by means of dry 


vantage of this method is 
it takes, 1. € 


oven to 160 ¢ 


the time required to heat an 
, plus the sterilizing time of two 
hours at that temperature 
with Allen’ 
to the reported work of Post 


This 1s in general 
agreement finding, and opposed 
solution would have 
both 


widely 


A reliable sterilizing 


many obvious advantages over these 


thermal techniques. A solution used 


Heller 
of the 


Riegelman) and the 


[his experimental work was done in the 
and Proctor 
School of 


Department of Ophthalmology (Dr 


Laboratories as a joint project 
Pharmacy (D1 
Vaughan and 
Mr. Okumoto), University of California, aided by 
Research 


grants from the University of California 


Committee 


for this purpose, the efficiency of which in 


destroying the vegetative forms of bacteria 


has been well established,’ is the so-called 


“Post's solution #4."* Its formula is as 


follows 


solution N. I 


Saponated cresol 


mi rysta 


kthyl aleohol 


»0 oF 
8890 


This solution has been relatively successful 


in the clinical trials to which it has been sub 


\llen,* 


reconsidered the 


jected Recently, however, Post * and 


working independently, 
question of its sterilizing ability with respect 


to spores Their results were contradictory, 
and they both requested that further studie 
third 


reque st, 


be made in a laboratory. In re 


to thi 


ponse 
a bacteriologic evaluation of 


the solution was undertaken in this labora 


tory. As a preliminary test we found Post's 


solution to be bactericidal avast Pseudo 


This 


and with the 


mona in agreement with 
Post’ 


cept of alcohol as 


aeruginosa 


tatements ! general con 


a bactericide, but in con 


trast to Allen’s recent report Hlowever, its 


sporicidal activity is the subject of the present 
report 


] 


In theory at least, the ideal way to evaluate 


a surgical germicide is to test the instruments 


The 
o dit 


actually used in an operative procedure 
conditions of such an ¢ 
ficult to 


periment are 
that 
results are rarely achieved. For practical pur 


control, however, ignificant 


poses it is better to determine the type and 


extent of contamination on ample instru 


ments and then duplicate the conditions as 
closely as possible in controlled laboratory 
tests. 

*In this paper the 
“solution #4” are 


“Post 


intercl ange ably 


and 


term 


used 


847 


— 
Lavender « 2% 
Thymus... . . £2 


A, 


ANALYSIS OF TESTING PROCEDURE 


examination of the reports of the previou 

investigators reveals slight differences in 
their experimental techniques. Some of these 
differences were discussed by Post in a recent 
paper.’ In all essential respects the procedures 
were the ame, however, and for the purposes 
of this discussion are so considered. In our 
opinion this method was deficient from a bac 
teriologic standpoint. The Figure summarizes 
the principal steps taken by Post and Allen 
and the modified steps taken by us. All the 
elements of the original procedure were ana- 
lyzed, as follows 


Post's SOLUTION 

\s indicated above, Post's solution contains 
a combination of the following known anti- 
bacterial agents : 

1. Cresol and Thymol.—These phenolic 
derivatives are bactericidal even in the pres 
ence of extraneous organic matter, their 
activity closely paralleling that of phenol. 
They have little or no sporicidal activity.* 

2. Alcohol.—Any strength of ethyl alcohol 
above 40% by volume is effective within five 
minutes against the common non-spore-form- 
ing pathogenic bacteria. Higher concentra- 
tions of 60% or 70% or more are effective 


POST AND ALLEN 
PROCEDURE 


SUBSTRATE. 
GLASS RODS 
3 IN ONE GROUP 


SPORE COLONY - B. SUBTILIS 
MODERATE SPORE COUNT 


WET | RODS 


iN SOLUTION 


RINSING PROCEDURE 
RUNNING WATER 


CULTURE 
OF RODS ONLY- 
TRYPTOSE DEXTROSE BROTH 


COMMON FORCEPS 
TRANS/ERRING G1 ASS BOOS 


STERILIZING SOLUTION | 


M. 


Comparison of the modified sporicidal test procedure with the former Post and Allen procedure 
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when the organisms are in a dry state. Alco- 
hol by itself has little effect against bacterial 
spores, however, and may even sustain their 
growth. In our experiments we tested only 
the original solution # 4, which contains ethyl 
alcohol 95%. Vost recently suggested using 
isopropyl alcohol 91% instead, for reasons 
of economy. According to the literature, this 
compound is also an excellent bactericide and 
a poor spor ide. 

3. Accessory Components.—(a) Lavender 
oil was added because of the unpleasant odor 
of the mixture. This volatile oil possesses 
very little, if any, antibacterial action. 

(b) Saponated cresol solution N. F. is 
essentially a dispersion of cresols in a weak 
alcoholic solution. From an analysis of the 
official formula, we may estimate that it also 
contains from 30% to 35% potassium soaps 
of the vegetable oil used in the preparation. 
This results in a 2.5% concentration of soap 
in the finished solution #4. While soaps are 
recognized proteolytic agents with antibac- 
terial activity, they are much less bactericidal 
in the presence of organic matter and appear 
to have little or no sporicidal activity under 
test conditions. However, a soap solution of 
this concentration is highly detersive and 


could wash away an aqueous suspension of 


MODIFIED 
PROCEDURE 


SUBSTRATE 
GLASS ROOS 
@ IN EACH GROUP PLUS CONTROLS 


SPORE COLONY - B. SUBTILIS 
HEAVY SPORE COUNT 


wer 
4 


STERILIZING SOLUTION 
SEPARATE SOLUTION FOR EACH ROD 


RINSING PROCEDURE 


WATER IMMERSION - 500 cc 


CULTURE 
OF RODS PLUS CULTURE OF EACH 


SOLUTION THROUGH WHICH THEY WERE PASSED- 


AVERY'S BLOOD BROTH 


EE 
a, 
4 
4 
a 
a 
t 
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POST’S SOLUTION—SPORICIDAL 


\nother factor to be borne in mind 


Sp res 


is the much greater detersive action of soaps 


when used on glass than when used on metal 


According to Post’s procedure, a glass rod 
is passed through a Bacillus subtilis spore 
broth, thereby acquiring on its surface a thin 
aqueous suspension of spores. The rod is then 
transferred to solution #4. Since solution 
#4 contains powerful wetting agents, careful 
consideration must be given to the possibility 
that the mere washing of the spore film from 
the rods may be misinterpreted as sporicidal 
activity. Several experiments in which the 
wetting agents alone were used demonstrated 
clearly the ability of such a solution to wash 
from the rods a large majority of the spores 
without killing them. 

An instrument which has been in contact 
with body fluids is coated with a layer of 
proteinaceous material, which coagulates 
upon standing and becomes a dry film. Any 
micro-organisms contained within this film 
are protected by a more or less continuous 
mechanical barrier. A procedure to test the 
reliability of a sterilizing solution should 
therefore include among its conditions the 
approximation of a bloody instrument that 
has been permitted to dry for several hours." 
To provide such a condition, glass rods were 
passed through the B. subtilis spore broth 
and then air-dried in a sterilizing oven for 15 


minutes at a temperature of 95 C. 


SporReE COLONY 


To test the sport idal ac tivity of a solution, 
the test broth must contain a good growth of 
spores. In recent experiments Post and 
Moor ? used a new, and apparently more re- 
subtilis, which they ob 


Allen 


Was 


sistant, strain of B 
tained from Dr. H. F. 
ture of this 
Allen 


particular s 


A sample cul 
Dr. 


\'nfortunately, in our laboratory this 


organism sent us by 
imple was low in spores, the vege- 
tative cells far outnumbering them. For this 
reason we chose for our experiments another 
B. subtilis strain, which had a high spore 


count 


ACTIVITY 


ORCEPS 


In discussions of this experimental prob- 


lem, much has been said + about the manner 
of handling the forceps that are used to pass 
the 
In his original experiment, Post 


the rods through the various stages ot 
procedure 
utilized two forceps for the entire procedure, 
immersing them in samples of solution #4 


\llen, also 


forceps, attempted to sterilize them between 


between step. using two 
steps of the procedure by flaming. Whether 
the difference in the results achieved by the 
two investigators was related to the manner 
of sterilizing the forceps is an unresolved 
question. To eliminate this variable, a large 
supply of sterile forceps was kept on hand 


and each forceps was used only once 


RINSING PROCEDURI 

Post’s procedure called for the pouring of 
of water over the rods to flush 
off the residual solution #4. We elected to 


immerse each individual rod in 300 cc. of 


some 20 cc. 


sterile distilled water and to subject each rod 
to a standard amount of agitation in this wash 
water, 
MEDIA 

A tryptose-dextrose broth was used for the 
test cultures in the original procedure, As a 
result of considerable study, this culture 
medium was regarded as unsatisfactory for 
growing spores. When inoculated with viable 
spores, it produced poor growth, and oc- 
casionally none at all, Reddish ’ 
that 
growth requirements and that proper nutrient 


has pointed 


out spores may be fastidious in their 
media are necessary to test for their presence, 
In our preliminary experiments we used both 
thioglycollate and Avery’s glucose broth con- 


B. subtilis grew in thioglycollate broth, thi 


taining defibrinated rabbit's blood 
medium had certain disadvantages in com 
parison with Avery’s broth: ( 1) Growth was 
not uniformly dispersed in it, and (2) since 
a certain amount of precipitation and protein 
olution 


coagulation takes place when Post’ 


is added to thioglycollate, it was 


OCCA ionally 


+ Reference 


. 


A. 
difficult to differentiate chemical] precipitation 
trom bacterial growth. Avery's broth, on the 
other hand, proved to be an excellent culture 
medium for all the strains of B. subtilis in 
ve tigated 


MODIFIED TESTING PROCEDURE 


The te ting procedure finally adopted for 


this study is summarized in the Figure and 


he deseribed as follows 

\ total of 14 rod 
14 rod ere 

tured directly to 

he 


of 6 rod 


terile were used for each test 


Iwo of the immersed in a spore dis 


persion and « verify the viability 


the pore 


remaining 12 were divided into 
‘The six 
dispersion and trans 


Petri 


two group each rods of Group 1 


vere immersed in a spore 


ferred wnmediately eparate dishes con 


olution #4 


The 


pore 


taining ix rods of Group 2 were 


immersed in. the dispersion and dried in a 


ng oven tor 15 minutes at 95 ¢ each rod 


then placed in a Petri dish containing 


a4 


eparate 


olution gz 4, each 


ce. ot 


10-minute exposure to 


“ placed in terile di 


for 2 minutes, and 


\ loopful of 
and 1 ce« ol 


vater, agitated uniformly 


1 to Avery's broth olution 


om each Petri dist wash water 


each container, were cultured simultaneously 


of Avery's broth 


cond test. in which the ime procedure 


vere tmmersed in solution 


O-minute period 


lhe ¢ 
Pable 


tested wa 


perimental results summarized in 
how conclusively that the solution 


Not only 


the test-rod cultures positive that were run 


tha 


not sporicidal were all 


after the rod had passed through the system, 
but cultures of the samples of Post's solution 
in which the wet contaminated rods of (sroup 


1 had been immerse d and cultures of s umniple - 


Bacte riologu of Post's 
Sterilizing Solution $4 


Wash Water Test-Rod 


Minutes Culture Culture 


Wet 


Exposure 
rods 


prositive positive 6 positive 


“ 6 positive ) positive 6 positive 


Dried rods 


“ 1 positive positive 6 positive 
»hegative 
positive 


4 negative 


positive 6 positive 
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ich they had been 
the 
nination 


of the wash water in wl 
agitated were also positive. Cultures of 


rods that had been dried after contas 
(Group 2) were also positive, but in this case 
the cultures of 9 of the 12 samples of Post’s 


they had 


sh-water 


d 


ultures, 


solution in which been 


were negative. The wa on 


the other hand, were again al positive, and 


from this it could be deduce d that the alcohol 


cresol solution itself was not an efficient de 


tersive agent on dry proteinaceous film but 


that agitation in large quantities of wash 


water consistently removed enou 


adherent spores to give positive 


COMMENT 


It is indeed fortunate that infection with 


spore-lorming organisms as a complication of 


ocular surgery is extremely rare. Such infec 


tion is characteristicall severe, how 
ever, and occurs often enough to constitute a 


hie 


solution, 


real danger pore-killing potential of a 
moreover, is a 


the 


sterilizing highly 


satisiactory criterion of solution's re 


hability, sinee vuaran 


will have 


por efficienc 


tees that all vegetative forms been 


destroved 

this basis, it seems clear 
ysis of the ingredients of Post’ 
more importantly, irom the res 
recorded above, 


testing procedure 


solution 1 open to question as 
Lhe bacteriol 
Vable 


lew spores remained on the surface of 


sterilizing medium 


the 


ovK 
summarized in indicate 


cleaned surgical instrument, they could e: 
pas 
tem without being affected. If the instrument 


ind 


through this entire cold sterilizing sys 
had not been properly cleaned contained 
a tew 


the 


spores in an aggregated protein film, 


thi 


sterilization in 


chances for system 


would probably be quite remote 

rhe fact that the results reported herewith 
differed from those of the previous workers 
the dif 
the 


can probably be accounted for by 
ferences In expe rimental procedure, 
use of Avery's blood broth as a selective cul- 


ture medium for B. subtilis spores, the avail- 


ability of a large number of sterile forceps so 


M. A. NOLOGY 
4 
‘ 
4 cultures 
of the 12 rods \ es 
nanple: 
: 
or tion, and, 4 
ts ot the 
Ba: th it this 4 
ate q 
result 
lat if a 
Soh 
3 
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a 
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FOST’S 


that each forceps was used but once, the use 
of a separate Petri dish containing Post's 
solution for each rod, and the use of larger 
amounts of water to wash the rods. The cul- 
turing of each solution through which the 
rods passed yielded the interesting informa 
tion that Post's solution itself could sustain 
B. subtilis that it 

efficient detersive agent on dry protemaceous 
film 
in reporting his tests on glass rods contami 
with B 


spores, and was not an 


In this connection it should be noted that 


nated subtilis, Post has stated re 
peatedly that the rods were apparently sterile 
when cultured at the end of his procedure ; he 
has at no time reported attempts to recover 
spores at any intermediate stage of the testing 
procedure 


The 


more 


use of rods dried after contamination 


asa stringent testing device than wet 


rods was rewarding and suggested that no 


procedure for the evaluation of a chemical 


sterilizing solution should be limited to tests 


on wet instruments alone. It is recommended 


that test spores be dried on test instruments 
as a first step in any procedure designed to 
evaluate the sporicidal potency of a chemical 


solution to be used for sterilizing ophthalmic 


surgical instruments 


UMMARY AND CONCLUSION 


\n investigation of the sporicidal activity 


of Post’s solution, a widely used sterilizing 


medium for ophthalmic surgical instruments, 
is reported 


SOLUTION—SPORICIDAL ACTIVITY 


When evaluated according to a modifica 
tion of the testing procedure followed by Post 
and Allen, the solution was found to be non 


sporicidal 


A procedure to test the rehability of a 
solution designed for the sterilizing of surgi 
cal instruments should include among tts con 
ditions the approximation of an instrument 
upon which blood has been allowed to dry, It 
is therefore 


recommended that test spores be 


dried on test instruments as a first step in am 


procedure used to evaluate the sporicidal 
potency of a solution 
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Chaihes Findings in P. alsy 


ARNOLD S. BREAKEY, M.D., New York 


Cerebral palsy is a neuromuscular dis- 
ability resulting from an injury to the motor 
centers of the brain. The condition was first 
deseribed by Little in a monograph pub 
lished in 1843.’ In the past decade it has 
been brought to social and medical con 
sciousness and characterized by the work of 
such men as Vhelps,* Perlstein,® Crothers,* 
and Deayer.* 

While much has been written on the gen 
eral condition, Guibor ¢ is probably the only 
contributor to the ophthalmic literature. He 
noted that over 50% of patients with cerebral 
palsy have oculomotor anomalies, the com- 
monest being defects of horizontal gaze and 
esotropia. Conservative therapy with atro- 
pine, lenses, and prisms was described. 
Guibor stressed that small children have a 
remarkable capacity for recovery from motor 
anomalies when treatment is instituted at an 
early stave. This observation is borne out 
by the experimental work of Kennard’ on 
young monkeys, 

The purpose of the present paper is to 
form a concept of the ocular manifestations 
of cerebral palsy and to arrive at a method 
ol management, 


From the Department of Ophthalmology, Lenox 
Hill Hospital 

\ided in preparation by the Ophthalmological 
Foundation, Inc 


Read (in condensed form) before the New York 


Academy of Medicine, Section of Ophthalmology, 


March 15, 1954 


* Deaver, G. G.: Personal communication to the 


author, Nov. 15, 1954 
t Reference 5 through &. 
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CLASSIFICATION 

According to the lesions in the motor 
centers of the brain, cerebral palsy may be 
divided into three major groups: namely, 
(1) spastic, with lesions in the cerebral 
cortex or pyramidal tracts; (2) dyskinesic, 
with lesions in the basal ganglia, and (3) 
ataxic, with lesions in the cerebellum. This 
classification is based on clinical findings, 
and, in general, 95% of the cases are diag 


nosed as one of these distinct types 


ETIOLOGY 
( erebral palsy Way be congenital, due to 
hereditary causes, prenatal influences, and 
birth trauma, or acquired, due to postnasal 
causes, such as trauma, infections, vascular 


accidents, and neoplasms. 


INCIDENCI 


The incidence of cerebral palsy is difficult 
to determine, and surveys usually exceed 
the anticipated occurrence. Phelps * estimated 
that it occurs 6 times per 100,000 popula 
tion, resulting in) approximately 200,000 
cases up to the age of 20 years. Thus, it 1s 
second only to poliomyelitis as a crippler 
of young people in the United States today. 

A New York State survey '" indicated that 
cerebral palsy occurs about 6 times in every 
1000 births. 


MATERIAL, AND METHODS 


One hundred unselected cases from the cerebral 
palsy clinic at Lenox Hill Hospital were examined 
and followed for two years. Fifty-seven per cent 
were spastic, 34% dyskinesic, and 9% ataxi All 
were congenital in origin. Since this distribution 
approximates the usual partitioning of any cerebral 
palsy group, this series of cases may | msidered 


as representative. 


; 


CEREBRAI 


PALS) 


FINDINGS 


1.—Ocu Hlundred ( 


Findings m 


of Cerebral Pals 


Whe 


Normal findings .. 44° 
Esotropia oe 
Exotropia . . 8% 
Paresis of upward gaze I’ 
Optic atrophy 4 
Congenital cataracts 
Coloboma f iris ! 
Spastic eyelids l 
100 
Concurrent conditions 
Nystagmus cases 
Papilledema | case 


Ihe eye examination included visual acuity deter 
mination, cycloplegic refraction, visual field esti 
mates, ophthalmoscopy, and, especially, muscle bal 
ance 

The ocular findings are tabulated in Table 1. 

RESULTS 


Forty-four per cent of the patients had 
had ab 


figures 


normal ocular findings, while 56% 


When 


compared with a cerebral palsy 


normal findings these 


are 
incidence 
ot 6 per 1000 live births, it can be estimated 
3.3 per 1000, or 1 per 300, live births 
will have cerebral palsy and some ocular ab 
stated that 


normality. Perlstein 


any child 
with eye abnormalities at birth must be con 
sidered to have brain damage until it is 


proved otherwise and deserves a complete 
neurologic examination 

Abnormalities of muscle balance are most 
prominent, 40% of the group showing eso 
tropia and 8% exotropia. The cases of optic 
atrophy (three), congenital cataract (two), 
of the be 


as instances of develop 


and coloboma iris (one) may 


grouped together 
mental defects, giving an incidence of 
Gaze palsy was found in one case and spastic 
eyelids in another. Nystagmus occurred in 


two cases and papilledema in one. 


TABLE 2 


Ocular Findings 
Normal find 
Esotropla 


ngs 


Exotropia 


Paresis of upward gaz 
Optie atrophy 
Congenital cataract 


Coloboma of 


iris 


Spastic eyelids 


Total 


Distribution of Ocular Findings Among Cerebral Palsy 


Pable 


of normal and abnormal ocular findings ac 


ol 


shows the distribution cases 
cording to the three cerebral palsy groups. 

It is apparent that the eye manifestations 
of cerebral palsy give no clue as to whether 


be 


found in 


a patient is spastic, dyskinesic, or ataxic, 


cause any of the conditions may be 


the three groups. Furthermore, the eye con 


dition cannot be anticipated on the basis of 
the clinical classification dys- 


spastic, 


kinesic, or ataxic). It must be assumed that 
and seldom lo 
of 


indicate 


the brain damage is dittuse 


calized to one pecihe area ot the brain 


assumption is borne out by the work 


Josephy,’ 
little or 


whose postmortem studies 
no correlation between the clinical 
picture and the brain damage as noted micro 
scopically 


COMMENT 


With no guide to the proper ophthalmo 
logic management of these patients, the ex 


perience of physicians specializing in_ the 


of cerebral utilized 


treatment 
\ccording to Phelps,’ 


palsy was 
spastic patients re 
spond well to surgery of antagonist mu cle 


groups, muscle transplantation, and neu 
rectomy, while dyskinesic and ataxic patients 
respond to physical training 

With 
cepted ophthalmologic methods of treatment 
In the field 


imbalance, for example, atropine retraction, 


these facts in mind, generally ac 


were followed of oculomotor 


len es, lu uryery, and 


did 


(Prostigmin), useful in relieving 


CXECTCISES 


were prescribed. | not administer neo 
stigiine 
spasm, for, according to Perlstein," the drug 
psycholog changes if continued for 


the length of time necessary to be effective 


Groups 


Spastl Dyskinest Ataxte Total 
3 (404%) 18 (52.9% 3 (83.3%) “4 
18 2 40 
0 1 5 
0 
(59 (4 ) 1 (066 4a 


OCULAR 
te 0 1 1 
1 0 0 
57 “4 9 100 
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in training. Guibor,{ however, found neo- 
stigmine to be efficacious in cases of paraly 
sis of the levator associated with ptosis when 
the drug was administered once or twice 
daily. 

Esotropia.-Of 40 patients with esotropia, 
15 had sufficient accommodative elements to 
warrant the use of their cycloplegic accep 
tance. As little as +-2.00 D. sphere was help 
ful in certain patients. Twelve cases became 
alternators after occlusion by atropine and 
patching. It the patient was seen early 
enough, visual acuity was maintained, «1 
improved, and few cases of amblyopia re 
sulted 

Surgery was performed on seven patients 
Six had excellent cosmetic and functional 
results, One patient, operated upon at an 
other hospital, was overcorrected and is now 
exotropic. Surgery is contemplated in four 
other patients. Of the seven patients operated 
upon, three were dyskinesic and four were 
spastic. While this is an extremely small 
number from which to draw conclusions, it 
seems feasible to operate on patients in the 
dyskinesic group, as well as_ the spastic 
group, provided the angle of deviation re 
mains relatively constant. No experience was 
obtained with ataxic patients. Three patients 
were myopic and were given glasses. Three 
others were mentally retarded to such a 
degree that therapy was thought inadvisable 
It must be noted that there is some over 
lapping in this group, for many cases were 
treated by more than one method (i. e. 
glasses, occlusion, or surgery ) 

Nine patients who had esotropia received 
no specific treatment for the ocular condition, 
but fusion improved and the esotropia de 
creased, They were not confined to any one 
group. These results may be explained by 
the fact that the brain is the center of many 
functions, one being ocular. cerebral 
palsy child needs treatment in all spheres 


(ocular, muscular, hearing, speech, ete.). 


t Guibor, G.: Personal communcation to the 
author, Oct. 26, 1954 


§ Personal communication to the author, Nov. 15, 
1954 
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A. M. A. ARCHIVES 


OF OPHTHALMOLOGY 


Deaver § has noted that as one area improves, 
others improve. He has stressed that since 
rehabilitation often depends on good visual 
acuity, early ophthalmic treatment is essen- 
tial. 

Exotropia.-Of eight patients with exo- 
tropia, three had no significant refractive 
error, and surgery is contemplated in the 
future. One myopic patient in this group 
achieved a good result with lenses and ex- 
ercises to improve convergence. One patient 
had a convergence paralysis and exotropia, 
while another had progressively decreasing 
exotropia without treatment directed toward 
the eye condition. Two patients were so 
mentally retarded that therapy was con- 
sidered inadvisable. 

\mong the 48 cases of muscle imbalance, 
10 children were improved without specifi 
ocular care. During brief moments of com 
plete relaxation, these children could achieve 
binocular fusion \ppare ntly, as the binocu 
lar experience increased, the stimulus to 
fusion was enhanced, and they learned to 
overcome their original defect 

Orthoptic treatment played a limited role 
in this study, owing to limitations of time 
and money. This therapy was curtailed be- 
cause the children were so completely oc 
cupied with other training programs. It 1s 
believed that it could be of value if properly 
and skillfully supervised 

Paralysis of Upward Gase.-One patient 
with paresis of upward gaze was encountered. 

Optic Atrophy.Ot the three cases of op- 
tic atrophy, two were associated with severe 
mental retardation and cerebral dysfunction. 
The optic atrophy was attributed to cerebral 
agenesis. The third case was secondary and 
followed hydrocephalus. 

Congenital Cataracts —The two patients 
who had congenital cataracts were operated 
upon monocularly, One achieved 20/70 vi- 
sion, while the other has had one needling 
operation and may require another. 

Coloboma of Iris.—The coloboma of the 
iris, observed in one patient, was strictly a 
development anomaly. When this case is 
grouped with three cases of optic atrophy 


| 


CEREBRAI 


PALSY—OCULAR FINDINGS 


and two cases of congenital cataracts, the 
incidence of developmental defects is 6% in 
this series. This is higher than the expect- 
0.6% 


ancy i 


a normal population, 1. e 


and bears out the observation of Yannet.'* 


He reported the occurrence of congenital 


ocular malformations in 15% of 99 cases of 


cerebral palsy. 


S pastt yvelids 


Was 


Spasticity of the eyelids 
child. When he at 


tempted to close his eyes, the eyeball would 


observed in 


one 


roll upward but the palpebral fissures would 
‘| hey 


sound asleep. The family could always tell 


not close closed only when he 


Was 


when he was feigning sleep because the white 


sclera would be exposed 


Concurrent Conditions 


\lthough it was 


anticipated that nystagmus might be a fre 


quent finding, only two cases of nystagmus 


were observed, and neither was associated 


with gaze palsy. One case was of the dys 
the type. 


Both showed marked spontaneous improve- 


kinesic and the other of 


Spastic 


ment, 


One case of papilledema occurred in a child 


who died of a massive cerebral astrocytoma, 


the presence of which was considered inci 


dental to the cerebral palsy 


It is interesting to note that no gross vis 


ual field defects were found. Tizard, Paine, 


and Crothers,’* using the same testing meth 


ods as those employed in this study (1. e 


confrontation ), found homonymous hemian 


25% of 106 cases of cerebral palsy. 


opsia in 


UMMARY 


In this series of 100 unselected patients 


with congenital 


cerebral palsy the following 


observations were made 


. ] batty SIX per cent showed ocular defects 
while 44% revealed no ocular abnormalities 
2 The distribution of normal and abnor 

. 


mal ocular findings among the three cerebral 


palsy (namely, dyskinesic, 


groups Spastic, 


and ataxic) indicated that the 


various defects 
It is 


therefore, to anticipate what the 


could occur in any of the three groups 


impossible, 


lar condition will be merely on the basis 


of the clinical classification of cerebral palsy. 


3. Abnormalities of muscle balance were 
most prominent, with 40% showing esotropia 
and &% exotropia. 

$+. In the management of esotropia, as 
slight a correction as a +2.00 1D. sphere was 
useful relleving accommodative squint. 


Occlusion was an extremely useful tool in 


preventing amblyopia and inducing alterna 
tion. There appeared to be no contraindica 
tion to surgery in the spastic and dyskinesic 
groups provided the angle of deviation was 
constant. No surgical experience was ob- 
group 


Ten patients improved and overcame 


tained in the ataxt 
their muscular imbalance during the course 
of training in other spheres. ‘This may have 
been related to increasing binocular experi- 
ence, On the other hand, improvement in the 
ocular status frequently aided rehabilitation 
of the total patient 

6. Developmental ocular abnormalities oc- 
curred in 6% of this cerebral palsy group, or 
10 times as often as in the general population, 

7. Gaze palsy (one case) and nystagmus 


(two cases) represe nted a very small part of 


this series No gross visual field defects 
were found 
8. Atropine was used successfully to re 


lieve accommadative spasm and as an adjunct 


in patching to produce alternate fixation, thus 


preserving vision Neostigmine ( Prostig 


min) was not used 


CONCLUSIONS 


Cerebral palsy, a neuromuscular disability, 
affects 200,000 people up to the age of 20 
in the | 


years nited States. The general state 
has been carefully ce scribed, but little has 
been written about the ocular manifestations 


Qn the basis of a clinical study of 100 pa 


tients with congenital cerebral pal 56% 


revealed ocular abnormalities, vreatest 


part of which were oculomotor imbalances 


Other ocular involvement in thi tudy in 


cluded opt atrophy congenital cataract, 


coloboma of the iris, gaze paresis, and spasti 


eyelids. Approximately 1 child in 300 live 


births will have cerebral palsy and ome O¢ 
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A, 


ular manifestations. Any child with eye ab- 


normalities should have a careful neurologic 


examination to rule out cerebral palsy. 


Generally accepted principles for the man- 
agement of heterotropias can be applied. Rel 
atively low plus spheres usually relieve ac 
commodative squints significantly. There is 
no contraindication to surgery provided the 
deviation is relatively constant. 

\ certain number of heterotropias improve 
spontaneously as binocular experience in- 
creases. Nystagmus and visual field defects 


do not present a serious problem. 
Cerebral palsy victims in our population 


group. 
ocular status has been largely ignored because 


represent a very significant Their 


of more obvious and limiting defects. How- 
ever, every victim of this disease deserves an 


early eye examination. Careful diagnosis and 


adherence to accepted methods of therapy 


yield gratifying results. 


708 Park Ave 


(21) 
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LEONARD CHRISTENSEN, M.D. 
and 
THOMAS B. FITZPATRICK, M.D., Portland, Ore. 


It is our purpose to describe the occurrence 
on the evelid of an important benign tumor 
which is often mistaken for squamous-cell 
carcinoma and which has not received atten 
tion in the ophthalmic literature. This tumor, 
keratoacanthoma, was established as a clini 
and Scartt in 


cal entity by MacCorma 


1936, and since then their observations have 
been substantiated by others 

The histo 
logically it resembles a low-grade squamous 
| 


tumor is important because 


cell carcinoma and most commonly is diag 
nosed and treated as a malignant tumor. 


Judging from the available literature, the 
dermatol gists appear to be the only group 
of medical 


who are generally 


Yet its 


practitioners 
aware oO! its 


relatively 


existence, incidence is 


high, as indicated by reports of as 
many as 76 cases in one single series.* Among 
other terms, the tumor has been referred to 
as molluscum sebaceum, because of a super 
ficial resemblance to molluscum contagiosum, 
and as molluscum pseudocarcinomatosum ; 
however, the term keratoacanthoma has be 
come the most accepted.* 

Keratoacanthoma most frequently appears 
as a discrete, solitary lesion on the skin of the 
face but may occur as a single or multiple 
lesion in other areas.° The tumor begins as a 
small papillary or warty lesion and enlarges 
rapidly, 


usually reaching maximum size in 


four to eight weeks. When it is fully devel 


From the Departments of Ophthalmology and 


Dermatology, University of Medical 
School 


Re fe rences 


Oregon 
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oped, its base is 1 to 2 em. wide, and it is 


elevated several millimeters, The surface is 
roughened, and usually umbuilicated, with a 
central keratin core. The color is variable 
and ranges from the color of the skin to a 
distinet pink, which occurs from either neo 
vascularization or inflammatory hyperemia.‘ 


Histologic sections of these tumors show 
irregular masses of epidermal cells which 
tend to proliferate toward, but do not actually 
invade, the underlying corium, A character- 
istic feature is a crater filled with keratin, 
resembling a cutaneous horn, which presents 
through the epithelial surface. Acanthosis is 
regular and orderly, but some prickle cells 
are atypical with hyperchromatic nuclei 
There is a tendency toward pearl formation 
and an increased number of mitotic figures 
The dermal-epidermal border is infiltrated by 
cells of inflammation. Most commonly these 
are lymphocytes ; 


however, eosinophiles, 


plasma cells, and sometimes polymorpho 


al Lhe 
avascular, but the sur 


nuclear leucocytes 


Way appear 


tumor is relatively 
rounding blood vessels are dilated and some 
what engorged, At the peak of development, 
the tumor resembles a low-grade squamous 
cell carcinoma histologically and usually is 
diagnosed as such by general pathologists.” 

Finley cites Rook and Whimster’s? dif 
ferentiation of 


keratoacanthoma from squa 


mous-cell carcinoma by the following criteria: 


1. Keratoacanthomas arise from areas of 
normal skin showing no evidence of precan 
cerous change. 2. The epithelial hyperplasia 
appears to affect mainly the deep normal 
structure, hardly affects the surface epi 
thelium, and undergoes no spontaneous ulcer- 


The 


epithelial cells in this type of lesion is always 


ation degree of atypicality of 
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appearance of lesion on the lid. 


Kerotin piug 


Border of 
Kerotin plug 


Wreguiar moss 
of 
Epidermal cetis 


Inflammotory cells 


hig. 2 


through the 


Low-power view of a microscopic section 
center of the lesion. 


small, 4 


proliferation in this tumor 


One does not find true invading 


Clinically, the most significant character 
istic is the rapid growth of the tumor to its 
If left 
involute 


The 


only residual may consist of a single depres 


maximum size in six to eight weeks.’ 


undisturbed, keratoacanthoma will 


pontaneously with minimal searring 


ion of the skin with overhanging edges or a 
slightly thr kene d ke ratotic sear; however, no 


blemish may remain. A biopsy specimen of 


the tumor 


must generally be taken or the 


hig. 3.—High-power view of a section 
an irregular 


that 


through 
It is this area 
squamous-cell carcinoma 


has 
simulates lo 


ot rmal cells 


-grade 


growth excised for diagnosis. If the true 


nature of the lesion is recognized, no further 
therapy is necessary. Roentgen therapy has 


been advocated also.t 


REPORT OF A CASI 


In October, 1954, a 33-year-old white male physi- 
cian first observed a rapidly developing papilloma 
along the outer lower lid margin, present for four 
weeks prior to consultation. He stated that growth 
of the tumor was enlargement 


rapid and was 


regular. There was no associated pain, tenderness, 
or discharge. There was no history of injury or of 


be 


firm 


papillomas appearing elsewhere on his 


Examination showed a discrete, elevated 
papule arising from the skin on the inferior temporal 
aspect of the right lower lid (Fig. 1). There were 
superficial vessels extending up along the side of the 
tumor and disappearing into the epidermis at the 
apex. The The 


mass was painless on palpation and did not bleed 


surface was rough and umbilicated. 


on manipulation 
contagiosum 
The 


carcinoma 


\ clinical diagnosis of molluscum 


was made, and an excision was performed 
pathologist’s report 
of the lid, Grade 1 
keratin plug lying within a superficial crater of the 
skin constituted a 


scope 


was squamous-cell 


The presence of a large central 
feature of the 


striking micro- 


sections. The anterior surface of this plug 


was exposed (Fig. 2), and surrounding it was a 


layer of hyperplastic epithelium, in which there was 
(Fig. 
3). There was a tendency toward pearl formation, 
Acanthosis 


evident, and although the tumor gave the appearance 


irregularity in cellular arrangement and size 


but no true pearls were noted was 


of invasion, actual extension into the corium was 


limited. Between the layer of epithelial hyperplasia 

and the nfiltration of 

inflammatory cells, predominantly lymphocytes 
Since 


underlying corium was an 


excision, there has been no indication of 


recurrence. A fine, almost undetectable, linear scar 


remains 


SUMMARY 
Keratoacanthoma is a skin 


that may appear on the ocular adnexa. It is 


tumor of the 


important because it is an innocent lesion 
with an excellent prognosis which, owing to 


its histologic resemblance to squamous-cell 


carcinoma, is usually confused with carci 


noma, both clinically and pathologically. 


\lthough only recently recognized and for- 


eign to ophthalmologic literature, this tumor 


is undoubtedly commoner than is gene rally 


recognized, 
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KNUD K. DREISLER, M.D., Boston 


‘Lonometry, the most important examina 
tion in the diagnosis of glaucoma, ought to be 
a perfectly safe one. Even a carefully per 
formed tonometry sometimes results in minor 
abrasions of the corneal epithelium because of 
movements of the patient's eye or the tonom 
eter, and keratitis may result in virulent 
micro-organisms from the tonometer are in 
troduced into the corneal wound 

It is an established principle in ophthal 
mology that all solutions and instruments 
used by the eye surgeon on the patient's eye 
should be sterile, but most ophthalmologists 
sterilize their tonometers only rarely. Some 
ophthalmologists who have been lucky 
enough to avoid tonometer infections for 
years may consider regular sterilization of 
this instrument an unnecessary precaution, 
a waste ot time 

The risk of nonsterile eye droppers is now 
generally recognized, but it 1s difficult to un 
derstand that more attention has not been 
paid to the sterility of tonometers 

No micro-organisms can grow on the 
tonometer except in the thin film of fluid 
transferred from the surface of the cornea to 
its footplate. In an ordinary office, where the 
interval between tonometries may be a half 

Presented at the 420th meeting of the New Eng- 
land Ophthalmological Society, Boston, Nov. 17, 
1954 

From the Department of Ophthalmology, Mass 
achusetts Memorial Hospitals, and the Department 
of Microbiology, Boston University School of Medi- 
cine 

Instructor in Ophthalmology, Boston University 
School of Medicine: Assistant Visiting Surgeon 
in Ophthalmology, Massachusetts Memorial Hospi- 
tals; Assistant in Ophthalmology, Massachusetts 
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Sterilization of 


hour or more, this tear film on the tonom- 
eter evaporates, and some of the micro 
Organisms will probably die before the tonom- 
eter is used on the next patient. The situa- 
tion is different in big clinics, where tensions 
are taken on patients in rapid succession 
Here it may well happen that the tear film on 
the tonometer does not dry between the meas 
urements and micro-organisms may survive 
and be transferred to the next patient 
Fortunately, eye infections transferred 
from one patient to another by the tonometer 
are not common; but they do happen, and 
undoubtedly they occur more frequently than 


is indicated by reports in the literature 


REPORTS OF TONOMETER INFECTIONS 


When tonometer infections do occur, a 
number of patients are likely to become in 
fected before the mode of transmission is dis- 
covered, Such outbreaks have been reported 
by Thygeson and Stone! (inclusion con 
junctivitis) and by Thygeson? (epidemic 
keratoconjunctivitis). Thygeson advises 
sterilization of all instruments used on pa 
tients, including tonometers and contact 
lenses 

A recent study of epidemic keratoconjunc 
tivitis spread by tonometry was published in 
1953 by Cockburn, Nitowsky, Robison, and 
Cheever.* The infection occurred among pa 
tients attending a glaucoma clinic. During a 
two-month period 9 out of 40 patients be 
came infected 

Investigation revealed a number of possible 
modes of transmission, such as the fingers of 
the physicians, the eye droppers, various 
instruments, towels, and the tonometer. Only 
the tonometer was considered to be the likely 
vehicle of transmission, for only patients who 
had tonometry became infected. One tonom- 


eter was used for all patients examined for 


‘| 


STERILIZATION OF TONOMETERS 


glaucoma and was “sterilized” after use only 
by swabbing with alcohol. 

Further infections were prevented by the 
adoption of a more efficient method of ster 
lizing the tonometer. (This method is not de 


scribed in the paper.) 


USUAI METHODS O| LONOMETER 


STERILIZATION 


Most of the methods described utilize so 
lutions of various chemicals, with which the 
footplate of the tonometer 1s swabbed or in 
which it is immersed. These solutions in 
alcohol, 


(Zephiran ) 


clude ether, and benzalkonium 

In the directions for the use of Schigtz 
tonometers the following advice is given: Be 
fore each use, the footplate should be wiped 
with cotton barely moist with alcohol, then 
wiped dry with sterile cotton 


* recommends boiling the foot of 


Tower 


the tonometer in an electric instrument ster 
ilizer for five minutes after each tonometry 
and warns against the use of alcohol, ether, 
and benzalkonium as impractical and unsate 


measures 


FLAMING OF 


THE TONOMETER 


There is no doubt that boiling can sterilize 
the tonometer, but the method recommended 
by Tower is not simple or suitable as a rou 
tine office procedure. The most rapid method 
of killing micro-organisms is by flaming 
Flaming of the platinum needle is an old 
procedure in bacteriology, and many ophthal 
mologists have occasionally sterilized their 
tonometers in the same way. 

The fear is widespread, however, that flam 
ing the tonometer will damage the expensive 
instrument, and nowhere in the literature 
have [ found any information as to the length 
of time one has to hold the footplate of the 
tonometer in the flame to ensure efficient 
sterilization. It is also well known that the 
temperature of a flame is not uniform 
throughout, and it is difficult manually to 
hold the tonometer at a certain level in the 
flame 


by means 
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Only pure ethyl or methyl aleohol should he 
used, as alcohol leaves practically no deposit on the 
tonometer. After the tonometer has been sterilized 
many times between tonometries, a slight yellowish 
deposit may be seen on the footplate, probably 
consisting of inorganic substances (salt) from the 
tears, but this is easily wiped off with a piece ot 
When the tonometer is flamed 


frequently, there is no tendency for the plunger to 


wauze of paper 


become sticky, and cleaning of the cylinder will 
rarely become necessary. All organic substances 
are removed by burning 

During the sterilization the footplate should be 
at a constant level in the flame. Before the tonom- 
eter is moved into the flame, the height of the 
holder is adjusted so that the footplate is at a level 
between the upper and the middle third of the visible 
flare 

When these requirements have been fulfilled, the 
temperature which develops in the footplate of the 
tonometer during flaming will be dependent upon 
the 


number of seconds it is in the flame 


EXPERIMENTAL STUDY 


The purposes of the laboratory studies re 
ported here are (1) to learn how many sec 
onds it is necessary to flame the tonometer 
footplate under the conditions described 
above in order to kill four common non 
spore-bearing organisms and a spore-bear 
ing one (Bacillus subtilis) ; (2) to find what 
temperature is developed in the footplate of 
the tonometer by flaming it for a certain num 
ber of seconds 


The technique of contaminating the tonom 
eter and the technique of transferring the 
organisms from the tonometer to the agar 
surface approach the way in which a tonom 
eter is used in practice 

\ series of identical control experiments 
are performed without flaming the tonometer 


METILIOD 


Forty-eight-hour subcultures of organisms are 
used, In the case of B. subtilis cultures are grown 
five to six days to ensure maximum spore tormation 


The cultures are grown in meat infusion broth 


\ X-tonometer 


of the 


was used in all experiments. The lower parts of 


most recent model 


this tonometer are made of stainless steel 

By the following method, the tonometer is con 
taminated by a thin film of fluid simulating the tear 
film on the cornea in vivo The test block in the 


tonometer case ordmarily used for checking the 
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scale 
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Petri disl 


WOLOGY 


lized by 
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drop 
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STERILIZATION 


Ol TONOMETERS 


The 
for the sterili 
of the | 


other half of the blood agar surface is used 
The 


oneave surface of the f otplate leaves 


zation experiment circumterence 


Ver 


an imprint of a circle on the agar, and the plunger 


iorms a small center of the circle 
A ne 


ferred to the 


lepression wu the 
broth culture ts 
block 


piul of the now trans 


surface of the test and the 


tonometer iwain contaminated by placing it on 
the test bl 

It is then put into position in the holder plate 
{ the e! e! The tonometer holder has been 
adjusted to the proper height, so that the footplate 
is on a level th a plane between the upper and 
the mi e third of the visible flame 

Ihe il ited tonometer is rotated into the 
flame and kept there a certain number of seconds, 
measul exactly as possible with a stopwatch 
Chen it 1 ved out of the flame and allowed to 
cool off «¢ wh t avoid melting the agar I hie 
tonometer igain placed on 10 different areas 
on the other ilf of the blood agar surface in the 
i previously dom 

ly there riments, five organisms are used 
ind t t eter eated tron > to | econd 
In the the spore-conta g Bi. subtilis cul 
ture t t ter is famed up to 40 second 

The cult ire incubated aerobically at 37 ¢ 
ind inspected aiter 24 and 48 hours. All experi 


RESULT 


Pable 


+10 it there 


the results are recorded as 


was growth in all 10 liprints 


of the tonometer on the agar after 24 or 4% 


hours’ incubation time in all the experiments 
This was seen in all the controls 
recorded as O if no growth 


was seen in any of the tonometer imprints 
In the Table it is seen that heating the tonom 
killed pyo 


but did not prevent yrowth ol any ol 


eter twe econds Streptococcus 


genes 


the 


other organisms tested im any of the 


Results of Tonometer Sterilizing Experiments 


(/rqganisms 


tonometer imprints. Streptococci are known 
to be very susceptible to heating. 

The result is recorded as 4 if some of the 
tonometer imprints showed no growth and 
others showed growth, however small, in any 
of the series ot experiments at a certain heat- 
ing time 
From the Table it is evident that all tour 
non-spore-bearing organisms tested are killed 
when the tonometer is flamed for 10 seconds 
in the sterilizer as described, but B. subtilis 
are not inhibited in their growth by 


r 10 


spores 


the tonometer f seconds, 


heating 
kill 13. subtilis spores 40 seconds of flaming 


1s required, 


It is interesting that the plunger must he 
flamed a longer time to become ste rile than 
the circumference ot the footplate lig 2) 


During the flaming the plunger is located at 


a lower level and more centrally in the tlame 
than the pt ry hery of the toe tplate Phe tem 
perature is lower here 

rEMPERATURE DEVELOPED 1 ris 


FOOTPLATI 


\n ittempt Is made to measure the temper 


ature which is reached on the surtace of the 


tonometer footplate by heating it a certain 


number ot econds This experiment is of 


interest not only for theoretical reasons but 
also in the following discussion regarding the 
possibility of damaging the tonometer 

nvenrent tor 


calibrated 


rhe 


this purpose. It 


product called lempilae | 


consists of materials of 
ert, volatile, non 
ering the range from 113 to 
bottle marked 400 I 


hye Ispension 1s 


and a 


melting points suspended in an 


inflammable vehicle cov 
2000 he 


is used in the 


Pempilaq i a 
lowing NAY 
thin 


unitorm mear 


to the upper convex surtace ot the toot 


of the tonometer, which is placed in the sterih 
instantly to a 


flame 


zer. The ispension dries almost 


dull mark. The 


as 


tonometer is moved into the 
otplate being between 


ible 


topwat h 


cribed above, i. e., the t 


the upper and the middle third of the vi part 


flame. The time is taken with a 


moment the tonometer is turned into the 


Pempilaq was furnished by Tempil Corps 


132 W. 22d St., New York 11 


ments are repeated several time until the results ee 
are considered to be reproducible. As an example, | 
three plate re shown in Figure 2 (copies ot 
— 
In the 
cd 
1 appl ‘ 
‘ 
from the 
8. pyogenes ) ) 
B. subtili« +10 4 +10 +10 0 
nin, 
|| 


liqueti which cecurs 
quite hary indicating that a temperature of 
400 I has been reached. 


by this method it is found that flaming of 
the tonometer for 10 seconds in the stand 
ardized way described raises the temperature 
on the upper surface of the footplate to ap 
proximately 300 KF; 40 seconds of flaming 
raises the temperature to 500 F, 


FLAMING DAMAGI Pritt TONOMETER 


Before | began my experiments, | asked 
the Department of Metallurgy of Massachu 
etts Institute of Technology to examine my 
tonometer, It was my plan also to have my 
tonometer examined after I had performed 
everal hundred flaming experiments—up to 
500 If in some cases. 

| also planned to have my tonometer ex 
imuned by one of the tonometer testing sta 
tions before and after my experiments for 
possible change in the calibration of the in 
trument 

Prof, Carl F. Floe examined my tonometer 
and discussed the matter with me. He felt 
that the planned metallurgical tests were 
not indicated, as it is a well-known fact 
that heating stainless steel to the tempera 
tures in question can in no way damage 
the metal, Furthermore, as heating produces 
no change in the structure of the metal, the 
calibration of the instrument cannot be 
changed either 

These considerations have been confirmed 
in practice, Dr. Trygve Gundersen, Dr 
kdwin B. Dunphy, and Dr. Henry F. Allen 
have tried the sterilizer in their private prac 
tice. By regular use of the flaming steriliza 
tion no visible changes in their tonometers 
have occurred, 

Ihe method can be recommended for all 
tonometers made of stainless steel, and most 
of the tonometers on the market are made of 
this material 


A {ROCHIVES OF OPHTHALMOLOGY 


\s spore-bearing organisms are not usu- 
ally found on the eye, 10 seconds of flaming 
appears to be an adequate protection. It is 
necessary to wait two minutes for the tonom- 
eter to cool off before it can safely be used 
alter 10 seconds of heating. 

rhe susceptibility of different viruses to 
heat varies greatly and is difficult to investi- 
gate by sterilization experiments. It may be 
presumed, however, that flaming the tonom- 
eter is effective against both bacterial and 
viral contamination of the instrument 


SUM MARY 


\n inexpensive tonometer sterilizer and 
tonometer stand is described. 

Klaming the tonometer footplate under 
standardized conditions in this sterilizer kills 
non-spore-bearing bacteria in 10 seconds. 

Flaming does not damage a tonometer 
made of 


tainless steel and does not change 


its calibration. 

The sterilization is « asy to periorm by this 
method and takes practically no extra time 
to be included in the office routine. 

Only a sterile tonometer should be used 
on patients’ eyes. 

Dr. Trygve Gundersen and Dr. Alice Marston 


gave helpful criticism in this study 
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Preliminary Report EXPERIMENTAL PROCEDURI 


Preliminary studies, using ‘ xcised beef 


WILLIAM G. EVERETT, M.D., New York 


and rabbit eyes, were done to develoy proce lure 
for creating an outward fold of the 
Scleral fold operations were then performed on 


Since 1933, when Lindner ' introduced the — the left eye of 20 chinchilla rabbits, in an attempt 
sclerectomy procedure devised by Muller to study the long-term effect of this procedure. Pig 
to retinal detachment surgery, there have  ™ented rabbits wer rected a 
f th ym epitl ‘ aver of the 1 t ould 
been numerous modifications of scleral re- the pigment epithelial layer 

' be more accurately observed. These animals were 
section 
anesthetized with intravenous pentobarbital (Nem 
At the present time the many types Of — butal) sodium. The general anesthesia 


scleral shortening procedures can be classi mented by topical application of tetracain 
fied in two groups: the penetrating, or full- caine). Ten per cent phenylephrine © 
hvdrochloride w istilled preoper ve 
thickness, scleral resection, and the lamellar bydrochlorid as instilled pr atively 
- the eyes operated on ! e an adequ VIEW 
scleral resection of a variable thickness of api 
of the fundus at t letion « ration 
the outer part ol the sclera and infolding of 
S Postoperatively, atter ophthalmoscopic examination 


the remaining lamella, as described by Della 1% atropine ointment and 0.5% oxytetracycline 
porta.” In the latter group one might include — (Terramycin) ointment were instilles 
the implantation of polyethylene tubing in a _— operated on 


previously prepared lamellar scleral resec The operations were rated and the 


* distributed into four group so that 


tion bed, as discussed by Schepens 
Was representative of the operative variat! 


Consideration of the different methods of ays 
- four groups were established as survival period 
scleral shorte ning disclosed a ditterent ap- 4 days, 10 days, 21 days, and 45 day An operative 


proach which was thought to hold promise. record was made listing any complication and de 


This new shortening procedure entails fold- scribing the postoperative fundus picture 


ing the sclera outward, in contrast to the The animals were killed by means of pentobarbital 
present operations of resecting a penetrating sodium after the fundus was examined 
strip of sclera or the infolding of a lamella 
EXPERIME! 
ot sciera 

| survival ex 
Ixperimental evaluation of scleral out In considering the specihe sus 


perimental results, it is necessary to detine 


folding led to a new shortening operation : 
which was thought to be technically safe, ‘he method of operative evaluation. The 
quick, and uncomplicated. procedures were rated as technically comph 

on cated or uncomplicated, according to the 

This study was supported in full by the Retinal course of the operation, ‘The common com 
Detachment Research Fund of the Institute of plication was hemorrhage, either from the 
Ophthalmology of the Presbyterian Hospital choroid or from the emissary veins. Vitreous 


he dep: t of Op ry of \ 
From the Department of Iphthalmology °! loss was occasionally encountered. When 
Columbia University College of Physicians and . 
possible, two observer appraised each opera 
Surgeons, and the Institute of Ophthalmology of 


the Presbyterian Hospital tion according to the following criteria 


*Schepens, ¢ Symposium: Retinal Detach 1, Uncomplicated. No technical difficultic 


ment, New York Academy of Medicine, Section of minimal hemorrhage, either choroidal or fr 
cel 
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2. Complicated. More than minimal hemorrhage 


from the choroid or emissary veins, or vitreous 


loss, or any combination of these accidents 
The results of the in vivo studies are pre 


sented under the immediate fundus changes, 


and the gross, as well as the ophthalmo 


scopic, changes in the four follow-up periods. 


I. Postoperative PicruRt 
Retinal detachment was the predominant 
change. This was somewhat longer than the 
scleral fold and extended from about the ora 
errata to the equator. It was usually irreg 
ular in nature, but often a major ridge of 
detachment coincided with the area of s« lera 
folded. Retinal hemorrhages could usually be 
accounted for in the operative protocol, and 
were the result either of injury to the emis 
ary veins or of direct trauma to the choroid 


during placing of a suture 


Il. Four-Day Survivat 


The scleral fold 


was intact in all instances, and the sutures 


(a) Gross Appearance 


were in place. The conjunctiva and epi- 


clera were adherent to the area ot operation, 


Ophthalmoscopic Changes.—The tun 
dus picture varied little from that seen at 
the completion of the operation, Occasion 
ally, choroidal hemorrhages were seen which 
had not been recorded previously. In several 
cases the retinal detachment took on a more 
solid appearance, suggestive of an exudative 
detachment Intraocular he morrhages, ob 
served ophthalmoscopically, seemed to cor 
respond with complications described in the 
record of the operation ; injury to the emis 
sary veins gave rise to more serious hemor 
rhage 

11], Tex-Day Survivat Pertop 

(a) Gross Appearance.The scleral fold 
was intact in all instances, The episclera 
and conjunctiva were firmly adherent to the 
area ol operation, 

(b) Ophthalmoscopic Changes.-In_ the 
uncomplicated operations there was begin- 
ning reattachment of the retina. A small 
ridge of detached retina with minimal pig- 
ment proliferation and little or no choroidal 
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hemorrhage was observed at the site of 
operation. In complicated procedures hemor- 
rhages were common and there appeared to 
be more pigment proliferation. In one eye 
a subretinal hemorrhage seen immediately 
after operation had extended to the vitreous. 


Pwenty-One Day Survivar Pertop 


(a) Gross Appearance.—In most eyes a 
scleral fold was present. However, im about 
one-third of the eyes the medial sutures had 
stretched or given way and the central part 
of the fold had flattened 

(hb) Ophthalmoscopic Changes.—-In_ the 
group classified as uncomplicated, only a 
small retinal fold or complete reattachment 
of the retina was observed. Minimal pig 
ment reaction was present In the eyes 
evaluated as complicated, signs of choroidal 
hemorrhage persisted, vitreous hemorrhage 
vas circumscribed, and pigment prolifera- 


tion was more extensive 


V. Forty-Five Day Survivar Perio 


The scleral fold 
had flattened, but the site of operati nm was 


(a) Gross Appearance 


easily identified by the scar formation lhe 
suture tracts could be recognized by small 
areas of transparency in the areas of scleral 
scar 

(b) Ophthalmoscopic Changes There 
was remarkably little change in the fundus 
at this time. The eyes which were rated as 
uncomplicated showed the retina in place ; 
thin lines of pigment with a striated appear- 
ance signified the area of operation. In cases 
in which complications had occurred, the 
retina was also in place, but vitreous bands 
and occasional choroidal scars remained. In 
one eye graded as uncomplicated, a pre- 
viously observed retinal hemorrhage had 
given rise to a vitreous band 

The accompanying Table attempts to cor- 
relate the complications observed ophthal- 
moscopically at the time the animal killed 
with operative ratings and the fundus ob- 
servation following the procedure. ‘Two 
arrivals died and were not included. The 


results indicate that the description recorded 
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NEW 


SCLERAL 


SHORTENING 


at the termination of the experiment in each 
reflect the 


recorded in the operative protocol, 


case accurately complications 


EXPERIMENTAL CONCLUSIONS 


Inasmuch as human sclera is technically 


easier to ope rate on than the sclera ot rabbit, 


it was concluded that the results of these 
animal studies justified a clinical trial ot 
this operation 

CLINICAR APPLICATION OF EXPERIMENTAI 


FINDINGS 


We have performed scleral folding pro 


cedures in selected cases of retinal detach 


ments for which a shortening of the scleral 


coat was indicated. These cases have been 


ones which were prognostically poor with 


of Experiments 


tech 
nique resulted from the experimental studies 


any type of operation The operative 


and tindings enumerated, with one excep 
tion. Absorbable surgical (gut) suture was 
used in the animal studies, but 4-0 black non 
absorbable (silk) suture material 1s being 


used at pre 


ent because of the te ndency of the 


gut suture to give way. 


OPERATIVE PROCEDURE IN 


The operation is performed with the pa 


tient under general anesthesia, after routine 


preparation. The extent and location of the 


sclera to be shortened are previously deter 
mined, as the state of the retina and vitreous 


indicates. The sclera is adequately exposed 


through an incision in the conjunctiva and 


Tenon’s capsule, about 10 mm. from the 


limbus in the desired meridian. It is usually 


necessary to detach one of the rectus muscles 


in order to allow folding throughout 180 


\ knife incision of the sclera ts 


degrees 


Ac 


OPERATION 


his 
parallel to 


made down to the choroid 


(hig. 1) 


incision is about 2.5 mm, long, 
the visual axis, and is placed 11 mm. trom 
the limbus, midway between the extremes ol 


the area to be folded 


lhe vlobe should decompre ssed before 


the fold is started his may be achieved 
by releasing subretinal fluid, either at the 
scleral wound site or at any area where 
subretinal fluid exists. | penetrating dia 
thermy electrode and cutting current are 


utilized for this purpose \fter reduction of 


the intraocular pressure, a spatula ts intro 
duced in the scleral incision tor separation of 


direction. ot the 


the sclera and choroid separation 1s 


performed im the 


fold (big. 2). Care 


planned 


miust be used to huge the 


sclera with the spatula to prevent choroidal 


rding to Complications 


uture ! 


hemorrhage or injury. tirst 


now placed, in a mattress ta hion, embracing 


both lips of the seleral metsion im uch a 
manner that, when the suture tied, an 
outward fold of the sclera is created, and 


2 


the scleral wound 1s tivhtly closed (lig. 3) 


In completing the fold, particular care 
must be employed that the choroid ts not 
crimped up with the selera may be 
avoided by the use ot the two Leste type 
forceps, in the following mannet Phe end 
of the fold, which tapers olf to normal sclera, 


iS gra ped with one Lorceps, the fold bemg 


extended slightly then, with the econd 
forceps the sclera 1s yrasped near the first 
forceps, and the fold 1s further extended 
(Fig. 4). This is repeated until the fold has 
been extended about 2 5mm 

It is essential that the last bite with the 
forceps be maintained, thus holding bacl 
the choroid, while another suture is placed 
in a mattress fashion (Fig. 4b), A bit more 


Changes Fundus (hanes 
eclinte at ‘I ‘ 
‘ plications Postoperative Willis 
dt Chorold Retina Vitreous Choroid Retinal Vitreous 
Opera \ Herne Hemor Vitreous Hemet Hew Hemor Henor Hemor 
Rating Kated Loss hawe hage hawe ria rhage 
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NEW SCLERAL SHORTENING 


sclera than is may be 


necessary taken up 
in the fold so that the suture can be placed 
a trifle above the end of the lorceps and the 
choroid not punctured. The fold is continued 
in this manner to the desired length (Fig. 5) 

\fter the scleral fold is completed,* sur 


rounding diathermy 


treatment is advisable, 
as in other shortening procedures, to obtain 
a mild chorioretinitis. Air may be injected 
into the vitreous cavity if the eye is unduly 
soft or if excessive detachment persists. 

The detached rectus muscle 1s reattached, 


and the conjunctiva is closed. 


COM MENT 


This operation, when performed on hu 
mans, is thought to be safe and technically 


not difficult. It offers a certain amount of 


flexibility in that 


one may alter the extent 


of the shortening at any time without prior 


commitment, Such is not the case when a 


strip of sclera has been ex« ised before ¢ losing 
the wound. Also, if the first suture is se- 

*Since this paper was submitted, a modification 
has been added in that the folded 
xcised with scissors 
leted 


distal to 
alter the fold 


sclera 
the suture is ¢ 
has beet 


OPERATION 


curely placed, one should never lose vitreous, 
for the globe is closed during the remainder 
of the operation 

he clinical mate rial used in these studies 
does not lend itself to early appraisal as yet 
and study of will 


()bservation many cases 


be necessary for proper evaluation ot this 
technique 
SUMMARY 


\ new 


dure is presented 


type of scleral shortening proce 
Its experimental develop 
ment and clinical application are discussed 
The technical advantages of this operation 


are mentioned 


Since the preparation of this paper, the author 


has learned of a similar operation independently 


developed by Dr. Ramon Castroviejo 
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DAVID O. HARRINGTON, M.D. 
and 
WILLIAM F. HOYT, M.D. San Francisco 


The use of ultraviolet radiation as_ the 
source of illumination in perimetry is com 
paratively new \s yet only a preliminary 
report has been published concerning its gen 


eral and speeitic applications Verimetry 


with ultraviolet (Blacklight) radiation has 


introduced luminescent test objects in color 
whose spectral band is so narrow that tor 
practical purposes they are monochromati 
stimuli with a saturation and purity of color 
surpassing any of the previously used papers 
Because the luminescent phosphor of the blue 
test object selectively absorbs only the wave 
length from 450, to 475y, it emits blue light 
within a very narrow band. It is possible to 
narrow this wave-length band. still further 
by the use of filters 


Phis investigation will report clinical ob 
servations when monochromatic blue stimuli 
are used in the examination of the visual 
field. Normal visual fields for the blue stim 
uli were first established, after which a 
variety of visual field defects were examined 
to determine the areas of usefulness of the 


method 


The physiology of retinal light perception 
will be briefly reviewed as it applies to this 

From the Division of Ophthalmology, Uni 
versity of California Medical School 


Read at the 90th Annual Meeting of the Ameri 


can Ophthalmological Association, Glacier Park, 


Mont., 17, 1954 
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Wraviolet Kadiation erimelry wt th, 


A Method for Early Detection of Conduction Disturbance in the Retina and Optic Nerve 


investigation, and a theory will be presented 
to explain the clinicopathologi al findings 

When luminescent monochromatic blue 
test objects of relatively large size are used 
in the examination of the visual field, dis- 


turbances of a pathological nature 


n nerve 
fiber conduction can be demonstrated in 
patients with otherwise normal visual fields 
and with normal visual acuity as tested by 
Snellen letters Central scotoma detected 
with difficulty in the 1/2000 white tsopter 
can be easily demonstrated with these blue 
stimul 

Blacklight perimetry is best performed in 
a dark or semidark room.'! The retina being 
tested will therefore be in a ditterent state 
than when tested under standard illumina 
tion. It will be scotopic or partially scotopt 
rather than photopic. Certain features of 
the scotopic retina must be considered in 
order to predict or imterpret vi ual field 
changes demonstrated under scotopic or pat 
tially scotopic condition 

The scotopic retina is more sensitive to 
certain wave lengths ot light and less sensi 
tive to other wave lengths than the photopr 
retina. Purkinje * deseribed this phenom 
enon when he observed that colors at the 
blue end of the spectrum are most easily 
perceived at night. When a red and a blue 
light of equal luminosity in daylight are 
observed at night, the blue light seems 
brightest. The visual threshold of blue light 
is higher in daylight and lower in reduced 
illumination. The reverse is true of red light 


Phe Purkinje phenomenon explains some of 


* Purkinje? cited by Duke-Flder,? pp. 889-899. 


— 
4 
J 
: 
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MONOCHROMATIC BLU! 


the differences between visual fields exam 


ined colored test obye ts in standard 


with 
illumination and those examined with ultra 


violet (Blacklight) radiation in low illumi 


nation 
The luminescent blue test objects used in 


this investigation emit a virtually pure wave 


length of light (approximately 470), to 


which the scotopic retina is extremely sensi 


tive 


Krom an anatomic point of view, it is rec 


retina is not equally 


| | 


ognized that the scotopi 


SCHEMATIC GRAPH DEMON - 
STRATES RELATIVE THRESHOLD 
SENSITIVITY OF CENTRAL 

AND PERIPHERAL RETINA TO 
WHITE RED AND BLUE STIMULI. 


—— WHITE 
CONE VISION 


DARK AREAS REPRESENT 
COME OFSTRIBUTION 


LIGHT AREA REPRESENTS 
ROO DISTRIBUTION 


A COMPARISON OF THE FIELD Of 


lk) 


sensitive in all areas to all wave lengths of 


cones, whereas the peripheral retina is almost 


light fovea is entirely composed of 


completely made up of rods. In the scotopic 


retina the light thresholds tor the two types 
are citferent, cones being most 
at the the 
spectrum and rods to light at the blue end of 
the spe Lhe 


thresholds is illustrated in | iwure | 


of receptors 


responsive to red end ot 


trum relationship of these 


The graph shows the relative 


ot the 


sensitivity 


scotopl central and the scotopu 


| 
= 
CENTRAL (FOVEA) = PERIPHERAL 


VISION 


FOR 1/2000 AND 92000 WHITE ANDO 
BLUE ISOPTERS IN THE SCOTOPIC EYE 


\/2000 


8/2000 


NORMAL SCOTOPIC 
CENTRAL FIELOS 


scoTOMA 


1/2000 


_———. 
» 
+ / \ 
ez / \ 
\ 
Jo 20° 
PERIPHERAL 
2 
/ 
\ / 
\ 
big. | Correlation between retinal rod and cone distribution and threshold sensitivity. of 
the scotopic peripheral and central retina to white, red, and blue stimuli 
hig, 2.—Cor rative visual fields tor blue and white stimuli in the normal scotopic eye 
4 
, ; 
\ \ 
\ 
~ Ne 
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peripheral retina to and blue 
Note that the scotopic peripheral retina 


white, red, 


light 


Is Many times more sensitive to blue wave 


lengths than to red or white (mixed) wave 


lengths. On the contrary, the scotopic fovea 


is most sensitive to red and white 


light 
(reverse Purkinje phenomenon). Thus, in 
the fields 
are not comparable, and Figure 2 illustrates 


the scotopic eye blue and white 


the differences 


It will be that there actually a 


relative central scotoma for light at the blue 


seen Is 
end of the spectrum,t and this physiologic 


for blue be clinically 


the 
stimuli. It is 


central scotoma may 


demonstrated in normal eye with very 


mall also evident that small 
hlue objects have a wider isopter in com- 


parison with white stimuli of equal size. 


IMPULSE OF LOWER 
INTENGITY (LOWER 
FREQUENCY) 


ARCHIVES OF OPHTHALMOLOGY 


through a common pathway, the ganglion 


cell, are capable of initiating a much “strong- 


er” (higher-frequency ) impulse than is the 


cone unit, with its single receptor. This is 


the phenomenon of summation 
The that 
central scotoma for blue is due to absorption 


behet the physiologic relative 
of the blue wave lengths by the yellow pig- 
ment of the 


demonstrated 


macula is 


that 


erroneous 
the 


lhomp- 


son central 


lovea 
is free of pigment. 

Finally, comment should be made concern- 
ing color perception and its bearing upon the 
method of central field testing under discus 
sion. Much of the difficulty encountered in 
examination of the color field in photopic 


1. The 


The patient is required 


eyes arises from the following facts : 


colors are not pure, 2 


IMPUL GE OF GREATER 
INTENSITY (HIGHER 
FREQUENCY) 


GANGLION CELL 
B BIPOLAR 
C come 


CONE UNIT 


hig. 3.—The phenomenon of summation 
impulse intensity and frequency in the retinal 


The explanation for the differential sensi 
tivity of the peripheral and the central retina 
to light of blue wave length is found in de 
of 
Also, there is a basic 
the 


mechanism.® 


creasing concentration rods from the 


periphery to the fovea 
unit 
The 


units are made up of a number of receptor 


anatomical difference in rod and 


cone unit receptor rod 
cells connected to the same bipolar cells, and 
a number of these, in turn, are joined to a 
single ganglion cell. The cone units, in con 
trast, are composed of a single receptor cell 
connected to a single bipolar cell, and thence 
cell, Rod 
with many receptors transmitting impulses 


to a single ganglion units, 


t References 3 and 4 
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\ diagrammatic representation of its effect on 


and optic nerve fibers. 


to identify the stimulus only when it assumes 
its true color, The subjective determination 
of this “end-point,” or change from achro- 
matic light and form perception to color 
determination, is difficult, and it is largely 
for this reason that color perimetry is con- 
sidered inaccurate and has been almost 
abandoned as a clinical method of examina- 
tion. Color is not a physical property of 
light. Its perception is a cerebral interpreta- 
tion. To quote Duke-Flder *: “Color is not 
an attribute of the object, nor the light, nor 
the eye, but a physical phenomenon which 
constitutes a quantitative entity only in con- 
sciousness,” 


t References 6 and 7. 
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MONOCHROMATI 


BLUE IN 


Stimulation of the retina with the lumi- 


nescent monochromatic blue (470) test 
objects used in this investigation must be 
thought of as an almost pure wave length 
stimulus. Patients are required not to identi 
fy a color but only to state when they see 
the test object and when it vanishes. Color 
perception is a cone mechanism.* When the 
intensity of a photic agent impinging upon 
the rod and cone layer of the retina sinks 
below the relatively high cone threshold, the 
color mediated by the 


perception of cones 


ceases, leaving only a colorless or achromatic 


form of light perception 


The method used for visual field examination 
with luminescent monochromatic blue stimuli and 
ultraviolet (Blacklight) radiation is simple and 
readily adapted to the standard equipment in 
general u The regulation black-felt tangent 

reen is used, and the examination is carried out 


in a dark or semidark rv Patients are tested 


before dark 


nation is usually 


om 
idaptation is complete, and the exami 
completed within 5 to 10 minutes, 
full dark 


mplete 


a time insufficient for adaptation. In a 


few instances more cé dark adaptation was 


allowed without significant alteration in the results 


of the examination. As a rule the patient’s eyes 


are rendered Only central 
fields 
white 
the following 
2/2000 
blue 


board 


scotopic 


only partially { 


this 


luminescent spot was 


were tested in investigation. A 5 mm 


used for fixation and 


examined 1/2000, 
and 5/2000 and 10/2000 
The test objects were printed on black card 
disks in sulfide inks 
illuminated by a 6-watt ultraviolet lamp hand-held 
by the 


18¢ pte rs 


were 


5/2000 white and 


luminescent and were 


examiner at approximately 30 in. from 


the screen.! 


No color recognition is required in the 
examination, so that the method 1s not com 
parable to color perimetry in the usual sense 
The patients are never asked to identify the 
blue objects as blue but are required only 
to respond when the object appears or dis 
appears, in the same manner as they respond 
to the white stimuli. In numerous instances 
the blue test objects were intermingled with 
white objects, and there was no verbal sug- 
gestion that they might differ in any respect. 


CLINICAL OBSERVATIONS, EVALUATION, 


AND REPORT OF CASES 


When luminescent sulfide inks, activated 


by ultraviolet radiation, were first applied 


PERIMETRY 


to clinical examination of the visual held," 
it was felt that the use of the colored inks 
might, by selective absorption of the light, 
make possible a color test of the visual field 
which was more accurate because the colors 
would be purer than any hitherto available. 
Such is the case. The narrow spectral band of 
these inks makes them 


color emitted by 


almost truly monochromatic and thereby 


makes available as a clinical method of ex 
amination what has heretofore been purely 
a research technique 

The first clinical application of mono- 
chromatic blue test objects was in an ex 
amination of the visual field of a patient who 
the 


optic neuritis in the left eye but had a visual 


manifested clinical symptoms of early 


acuity of 20/20. No scotoma could be dem 
for white 
with Blacklight 11 
lumination, but, because of the complaint of 


onstrated in the 1/2000 isopter 


either with standard or 
blurring of vision and pain on rotation of the 
felt that a held detect 


should be demonstrable and 5 and 


eye, it was visual 


10 mm 
luminescent blue objects were used at 2000 


mm. A large central scotoma was easily 


demonstrated in the visual field of the left 


eye. There were no symptoms in the right 


eve, and no scotoma could be demonstrated 


with either 1 mm. white or blue test objects 


down to 2 mm. in diameter 


Jecause a physiologic scotoma 1s known 


to exist for small blue stimuli, it became 


necessary to explore the normal visual field 
for these luminescent monochromatic blue 
objects 

‘Twenty normal subjects (ages 22 to 65) 
with normal visual acuity were tested on the 
2000 mm, It wa 


that, with two exceptions in the 


found 
age 
group, all subjects with 20/20 vision could 


tangent screen at 


older 


see a 2 mm. blue stimulus over the entire 


central field and 25 degrees peripherally. 
The 
ming of the 2 


two exceptions demonstrated a dim 


mm, blue object at the fixa 
tion point. Five-millimeter objects could 
be seen beyond 30 degrees, and there was no 
A central the 


(actual disappearance 


scotoma scotoma m 


age 


central 
younger group 
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of the test object) was demonstrable only 
with blue objects as small as 1 mm. at 2000 
mm. Itxamination on the perimeter showed 
the 1/430 isopter for blue to cover the entire 


visual field 


rom these observations on nor 
mal subjects it was felt that if blue stimuli 
as larye as 5 or 10 mm. were used to test 
patients with good central visual acuity the 
normal, or physiologic, scotoma for blue 
would not be confused with a scotoma from 
pathologi CAUSES Visual fields were also 
examined in normal eyes whose vision had 
been reduced to 20/100 with plus lenses. The 
physiologic cotoma for blue barely 
demonstrable with 2 mm. stimuli and was 
not found with 5 mm. blue test objects at 
2000 mm 

It was logical to assume from the above 
that any scotoma for blue which could be 
demonstrated in the 5/200 or 10/2000 isop 
ters in patients with central visual acuity of 
20/20 to 20/30 was definitely pathologic 
im nature 

Blue test objects were also used in a 
variety of clinical conditions with manifest 
visual field defects, and the findings were 
compared with those with white test objects 
to determine the conditions in which the 
monochromatic blue stimuli were most use 
ful. ‘The accompanying Table summarizes 
this experience 

\s might be suspected from the earlier 
discussion on physiology, the most useful 
application of the blue stimulus is in disease 
associated with reduction of central visual 


acuity. Furthermore, the method is of great 


A IRCHIVES OF OPHTHALMOLOGY 


est value when applied to early lesions, and 
before any defect is detectable with white 
stimuli 

[hese central visual field defects are most 
effectively demonstrated when they are con- 
fined to the area within 5 degrees of fixa 
tion. The two pathologic disturbances in 
volving this area are macular lesions and 
lesions of the optic nerve 

Three clinical observations were of special 
interest in testing for these central visual 
field defects: 1. Vathologic scotomata for 
the monochromatic blue stimuli were found 
before the appearance of any demonstrable 
scotoma for white in early or minimal le 
sions of the optic nerve. 2. Some early 
macular lesions showed much larger scoto 
mata when tested for blue than when even 
very small white stimuli were used. 3. The 
subjective ease with which patients uni 
formly reported the appearance and disap 
pearance of the ultraviolet-radiation-acti- 
vated blue stimuli was in sharp contrast to 
the indecision encountered with small white 
stimuli, especially in standard illumination. 
Without exception, the subjective responses 
of patients to the appearance and disap 
pearance of the relatively large blue test 
objects were quick and accurate on repeated 
examination, so that the demonstration of 
even very small central defects was much 
simplified clinically 

The following case reports, with visual 
field charts, are illustrative of the superiority 
of tangent screen scotometry with ultravio 


let-radiation-activated monochromatic blue 


Comparative Evaluation of White and Monochromatic Blue Perimetry in Lesions of the 


Retina and Optic Nerv 


Site of Lesion 


Peripheral 


Olinteal Findings 


Visual fleld defects detected most readily with white stimull; 


Cilnteal Evaluatior 


Usually poor 


retina no defects demonstrated with blue which could not be shown for blue 


equally well with white 


Central retina Most central fleld defects mo 


mm. blue than with 1 or 
both white and blue, the de 
were more readily appreciated 


Optie nerve Papillitis showed seotoma for 


head for white; glaucomatous atrophy showed a seotoma for 
white could be demonstrated: 


bine before any defeet for 


re easily demonstrated with Excellent for 


’ mm. white; when found with blue 
fects were the same size but 


with blue stimull 
bine before it was detectable Excellent for 
blue 


papliliedema showed the same blind-spot enlargement for blue 
as for white but no central defect 


Retrobulbar Farly neuritis showed consistent central seotomata for rela 
ptie nerve tively large blue stimull befo 


and before detection of any 


Excellent for 
re any loss of central vision blue 
scotoma with white test ob 


jects; even when loss for white occurred, it was less striking 


than the seotoma for blue 
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A. 1. 
| 
| 


HROMATI 


L€ 20/20 Re 20/20 /vamination.—Correeted vision 20/20, each eye 


Ophthalmoscopic examination t Visual trelds 


showed no defect for 1/2000 isopter either 


vith standard or with ultraviolet ilumination (hig 


5). Isopters for 2000 and 10/2000 monochromatic 


to blue stimuli showed central scotoma and. slightly 


The right visua 


Reexamination two weeks later showed a mall 


but demonstrable central scotoma for 1/2000 white 


ind 


stimul in the detection o and minimal 


pathologic lesions involving the macula and 


optic nerve 


REPORT 


bulbar neuriti 


mpt 
and a vague blurring of 
duration 


/ 


ranminatl 


ome dimne 


moscopic ExXamination negative 


2000 


l tandard and ultra 
violet ilumination. Tsopters for 5/2000 and 10/2000 


monochromatic — blue timuls howed dense ind 


easily demonstrated central scotoma in left visual 


field (big. 4) Ne cotoma was demonstrated with 


blue test object i tandard illumination. Right 


L€ 20/45 ne 20/25 


visual field showed no detect for any test object 


3/t000W, 
either white or blue vith standard or ultraviolet \ 
llumination. Reexamination in two week howed 
no symptoms, and left central scotoma for mone 
chromatic blue stimulus had disappeared 

( 2.—Mr age 32. Diagnosi retro 
bulbar neuritis (multiple sclerosis ) / 

»ympltoms Severe pain on ocular rotation, left 

\ 
w 


eye three days’ duration. Euphoria and reflex \ 
| ‘1/2000 
changes indicative f multiple sclerosi 


LE 20/20 Re 20/20 


5/2000W [ ient retrobulbat ti 


5/ 20008 opter vith bot} tandard and black ght (big. 6 


Definite 2000 


) romatic blue ovte On tor aft 


MON OC BLUE IN) PERIMETR) 
| 
enlarged blind spot in lett eve | 
‘ 
5/2000 8 
10/2000 8 with gre enlargement of the defect for blue dil 
2/2000 
Wore wmivahiced sipt ! it cierost 
big. 4 Case | 
20/25 RE 20/25 
, ,~1/2000W., 
OF CASI 
. Case 1.—Miss Q.; age 19. Diagnosis: retro / 
it eye on rotation ot eve s/2000W 
4/2000 B 
left vision, of two days 
20/25 ne 20/25 

5/2000W 

Vision 20/20, in each eye, but 1/2000W. 

as of letter vith left eve. Ophthal 

f lefect in 1/330 

10/20008 

rig. (ase 

( Mr. K wwe 42. Diagnosis probable 

Diplopia vague blurring of 

vision evere exophthalme Patient undergoing 
+ treatment with radiation directed through 
wd \ the skull to the pituitary from both side 

\\ vamination Visual acuit 20/2 each eve 

(ophthals c mination norma n each eye 
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further pituitary radiation, the scotoma for blue 


was even larger, though it was still not possible 


to demonstrate a defect for wit One month 


after discontinuance of x-ray treatment the exoph 


thalmos had regressed considerably; the patient 


was symptomatically improved, and the central 


scotomata for the monochromatic blue stimuli had 


di appeare d 


Case 4.—Mr. B.; age 54. Diagnosis retro 


bulbar neuritis 


yymptoms.——Chronic ethmoid and frontal sinu 


sitis with fistulous tract (demonstrated by x-ray) 


into posterior portion of right orbit P a 
/:xamination.—V isual acuity right eye 20/70 
Visual acuity 20/20, each eye 


/-xamination 


left eye 20/200. Ophthalmoscopic examination 
Moderate proptosi of right globe Ophthalmo 


showed bilateral optic atrophy of moderate degree 
scopic examination normal, Visual fields demon 


Visual fields showed bilateral central scotomata in 
strated no defect in the 1/2000 white isopter for the 1/2000 and 2/2000 white isopters. with a some 
standard or black light, but a definite scotoma in what larger scotoma PEERS for 5/2000 blue 
the right field was found in the 5/2000 isopter for (Fig. 9) 
monochromatic blue (hig. 7). At operation an Case 7—Mr. V.; age 53. Diagnosis: multiple 
orbital abscess was found extending throughout 


le 


us ae Yymptoms.—Haziness of vision in the left ey 
of several months’ duration. Periodic ataxia and 


sensory disturbances in extremities 


i vamination.—-Visual acuity: right eye 20/20; 
lett eye 20/30. Ophthalmoscopic examination re 
vealed a slight pallor of the left optic dise. Visual 
fields showed a normal field in the right eye for all 
isopters. The left field was generally depressed in 
the 1/2000 white isopter but no scotoma was found 


There was a definite and easily demonstrated sco 


toma in the left field in the 5/2000 isopter for 


monochromatic blue (Fig. 10) 


Cast &.—Mrs. B.; age 40. Diagnosis opti 


the orbit and surrounding the right optic nerve 


atrophy secondary to neuritis 
Three weeks after operation the proptosis had 


Symptoms.—Visual loss of long standing in the 

subsided and the central scotoma for blue was no ' 
right ey 

longer demonstrable one 


acuity right eye, han 
Case 5.—Mrs. S age 29. Diagnosis optic res and 


movements: left eye, 20/20. Ophthalmos 1 *x 


amination showed marked pallor of the right optic 


S ymptoms.—Severe facial llulitis secondary to 
p - ee disc with blurred margins. Visual fields (Fig. 11) 


osteomyelitis of the maxilla. Pain on ocular rota 


showed a large, dense central scotoma in the right 
tion and slight blurring of right vision 


/-xvamination.— Visual acuity right eye 20/25 


20/200 RE 20/20 - 
leit eye 20/20 Ophthalmoscopic examination 


normal. Edema of face and eyelids on right side 


Visual fields showed a minute, indefinite, and in 


constant central seotoma in the 1/2000 isopter for 


white in the right eye. With the monochromati 


blue stimuli there was a large and easily outlined 


central scotoma in the 5/2000 and 10/2000 isopters 
(Fig. 8) 


Case 6.—Mrs. T.; age 35. Diagnosis retro 


bulbar neuritis; multiple sclerosis 


Symptoms W ell-advanced multiple sclerosis 


with motor and sensory involvement 


R76 
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\ 
/ 
/ / 
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5/2000 8 
Fig, 8.—Case 5 
4 Ww 
ail 
y / 
3/2000B 
Vig. 7.—Case 4 
| 
| WSL 
2/2000W 
/2000% 
10/20008 
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Fig. 9.—Case 6 
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MONOCHROMATIC BLUE IN 


Le 20/30 RE 20/20 
2/2000W 


field for all same size for blue 
and white | ield was normal 


Mrs. W age 63 


maculat 


Case 9 Diagnosis: bilateral 


senile degeneration 
(jradual decrease in reading 


Visual 


Ophthalmoscopi 


Symptoms vision 


ke xamination acuity right eye 20/50; 


left eye 20/20 examination 


showed senile macular degeneration with some 


maculat edema in the right eve and minor pig 


mentary changes in the left eye, Visual fields 


Le 20/20 REM MS’ 


2/2000 


central 
wlAte 


scotoma 


(Fig. 12) showed a vague and indefinite 


right field for the 1/2000 
small but 


scotoma in the 


definite central 


isopter and a 
5/2000 blue 
left field was normal tor 
Case 10.—Mrs. M 
retinopathy 


for the isopter the same eye I hie 


all test objects 


Diagnosis: central 
angiospasty 
vision and meta 


Symptoms slurred severe 


morphopsia 


Le 20/20 


5/10008 


12.—Case 


PERIMETRY 


ramination Visual acuity right eye 20/30 


20/20 Ophthalmoscopre examination 
disturbance in each macula 


edema, Visual fields (hig. 13) 


showed a pigmentary 


with sore showed 
central scotoma, demonstrated with much 


with the 1/2000 


a minute 
difficulty, 1 ye white 


lsopter The 200) monochromatic blue tsopter 


showed a definite, sharp-bordered central seotoma 
Case 11.—Mr. P.; age 71 


macular hole 


Diagnosis: bilateral 


which the 


flash 


yymptoms.—Blurring of central vision 


patient attributed to exposure to a welding 
28 years betore 


Visual 


/-xamination acuity reht eve 20/340 


left eye 20/50 scople examination 
howed bilateral holes. Visual 
fields (lig. 14) mall and indefinite 


tomata in the 1/2000 and 2/2000 whit 


mall round macular 
showed very 
central see 
Isopter The same slightly larger, 


2000 


scotomata, very 


demonstrated with ease both the 


were 


and the 10/2000 blue isopters 


age 78%. Diagnosi oper 


angle glaucoma with glaucomatous optic atrophy 


! 


Symptoms. Gradually decreasing vision, of many 


years’ duration 
xamination.— Visual 


20/200 


acuity right eye 20/20; 


left eye Visual fields (big. 15) 


show xen 
fiber 


white te st 


eralized depression and typical nerve bundle 


defect im the left eye for tairly large 


objects, but the right field) was 


1/2000 


normal in the 


vhite tsopter The right field, however, 


Lt 20/50 re 20/130 


—— 
| 
\ | 7 
1/2000W 
big. 13.—Case 10 
| left « 
| 
a 
hig 1] (ase & ( 1? 
| s/2000Ww 
/t000w | 7 
\ 
| | d MLOOOW 
5/2000 B 
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IRCHIV OF OPHTHALMOLO 


Lt 90/80 
s/1000W 


1/2000 
Decreasing Visiot ] 


l a cot 
open gl | 
vated 


10/2000 


opty 


cal glaucomatou 

but meonclusive 


visual 
tested 
howed 


with tumult 
i marked itral otoma 
monochromatic blue te 


mith 


“awe Diagneo 
light blurring 

xramine Visual acuity ye 20/30 
left eye Ophthalmv 


Kamination 
ved marked cupping and 


at { both 
Visual treld (hig. 17) 


tumul 


howed 
matou 


| cletunite 
1 the 


defects for right LE 20/25 
eye but m in the lett ve Both treld howed 

central cotomata im the 2000 and = 10/2000 
isopter wo monochromat 


Mi 


RE 20/25 


2/2000W 


age oO Diagn 


mptom 


acuity 20/25, each eye 
Intraocul hetween 32 and 40 mm 


10/2000 
Re 20/20 


3/2000 
L€ 20/25 


RE 20/25 


Vl. A. (; ) 
20/200 20/20 at 20/30 
5/20008 
/ / 
/ 
A ra 4 > 
5/1000W 5/20008 — 
2/2000 
big. | Case 12 
hig 17 Case 14 ° 
OM i definite and easily demonstrated centra 
cotoma in the 2000 isopter tor monochromatn (Schivtz) and was not controlle vith miotics 
Ophthalmoscopre examinatsy Vas norma Visual 
Case 13 Mr 6 net field big. showed 1 defects in the 1/330 
angle glaucoma lsopter for vhit but both fields 
A nsistent central cotoma tor 2000 
| mptomes 
| f monochromatic blue Nites everal 
| Exammation—| ve fiber bundle defect developed. in 
both eys with el c, Which could be demonstrated with the 
| trolled | moti Mm nerve heads deeply small white stimuls \t the same time the scotoma 
cuppe acuity right eve ty ncreased in the left 
20/2 il fields (big. 16) ul 
( f age 6 oper 
eve Id char ye in the Viale 
right eve Ihe mpton Hazing f central vistor 
right lor vamunattoy Visual acuity 20/25, each eye 
the — Intraocular pressure 37 mm. (Schietz), reduced 
, to 25 mm. (Schietz) with pilocarpine Bilateral 
very early imeiprent cataract Ophthalmoscopi 
3 examination sti ved bilateral glaucomatous cupping 
of the optie vith optic atrophy. Visual field 
‘ (big. 19) howed a dense ircuat cotoma im tl 
4 lett eve t it timul: and 
sh 
sont 
— 
/ 
1/2000 w 
5/2000 : 2/2000 
/» 2/2000W 
; {/ \ 
5/2000 8 8 
40/1000 5/20008 
Fig. 16.—Case 1 Fig. 18.—Case 1 
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VONOCHROMATI Lt PER rR) 


ind ultraviolet lumination Within the 10/1000 


opter for monochromatic blue was a large, dense, 


easily demonstrated central scotoma 


CoOMMI 


N1 


, \ny technique of perimetry which simpli 
fies the demonstration of a visual field detect 
from the patient's point of view Is of clinical 
value. Subjective response to the disappear 
ance of these luminescent, monochromats 
19 blue test objects was k and accurate, and 
confusion was minimal. Because of the higher 
demonstrated bilateral centra cotomata im the sensitivity of the paracentral and peripheral 
5/1000 and 10/1000 isopters tor monochromatn retina to blue light, perception of the test 

blue object was easy in the peripheral hela, 

Case 17.—Mrs. ¢ ast Diagnoss open cially when contrasted with small white stim 

angle glaucoma 

: uli. There was no need to concentrate sub 

me right tively in order to see these large blue 


timuli, whose disappearance mto scotoma 


1/1(000W 
10/1000 8 


vas 20/30. Visual field (kig. 20) showed general 


isopters but no characteristic glaucomatous defect P 
a 1 cote 5/1000 


romath 


depression tor the 2 1000. 2/1500. and 2/2000 white 


monoct 


Case 18 Mr. | ave 40. Diagnosi commoti 


left eye sines 


in 


orbit 


al d 


immediate of 


verment 


ran io Visual acuit right eve 20/20 tou letect Va udden, draniaty and easily 
left eve 20/200. Ophthalmoscopire examination wa reported 
normal in the right: eye Phe leit eye showed a Beyond beimg a simple and venerally better 
resting at 1 ned ‘ 1 macuk 
wav of demonstrating central visual field 
, rounded by an are tinal edema. The temy il ; 
defects, the use o monochromatic stim 
per ra ett ‘ i i irea ! menta 
ith some retinal hemorrhages and Uli activated by ultraviolet 1 whation appear 
exudat Vv tal fue iw. 2 othe elt eve to have dey ¢ ir] patho 
irpl itiined centra cotoma lov chang in the macula and an the 
] ‘ t t lard 
nerve betore these inves or their associated 
field detects can he demonstrated wait) vhiute 
Le RE 20/30 
test object 
From analysis of the case tuched and the 


| 


ib eve tappear 
ite certain that these cotomata found 


10) 


2000) and 2000) 


20/25 Re 20/85 
2 examination The left eve had been enucleated 
The right eve had had an iridencleisis vith control 7 
retinae, left eve 
mptoms.—Defective vision 
gunshot wound in left temple Hl three 
months previously. There was 21.—-Case It 
/ qu 
/ monochromatic blue are pathologa ind net 
// phi detect 
, Confusion with the normal or pliysiolopgu 
5/2000 B 
2/5000W cotoma for blue is avoided merely by using 
| ") (ase 17 test object ifficrent larve not to be ob 
4749 


cured in the central fields of normal per 
sons. As a further precaution, the method 
was used only with patients whose visual 
acuity by Snellen letters was 20/30 or better. 
(Ine source of error is known to be present 
in patients with senile lenticular changes, 
when a scotoma for blue may develop as the 
result of absorption of the blue lengths by 
cataractous lenses. The error is obvious and 
easily avoided 

With the discovery of a pathologic central 
scotoma, it 1s desirable to localize the lesion 
which produced it, either in the receptor 
elements at the macula or in the conducting 
fibers of the nerve fiber layer of the retina or 
optic nerve. Aside from the usual differenti 
ating signs and symptoms, such as associated 
pain on ocular rotation in optic neuritis or 
metamorphopsia in macular disease, the form 
of the scotoma itself he Ips to localize the 
lesion. It was found that the scotomata for 
blue which were due to macular disease were 
typically irregular, eccentric, or paracentral 
whereas the seotomata produced by lesions 
of the optic nerve or edema of the retinal 
nerve fiber layer were symmetrical, round, 
and centrally placed 

It is interesting to consider the etiology 
of these pathologic scotomata for blue light in 
the scotopic eye. Clinically, it would appear 
that visual field defects for blue stimuli in 
the absence of like defects for white are 
evidence of an early disturbance in the retinal 
receptor or conduction mechanism. These 
two sites have one element in common: the 


nerve fiber or axon of the ganglion cell 


A. ARCHIVES OF OPHTHALMOLOG) 


\msler,” in his discussion of early macular 
changes, mentions that a translucent scotoma 
is sometimes demonstrable and states that it 
is caused by a fluid collection in the super 
ficial layers of the retina in the macular area 
This fluid accumulation may disrupt or im- 
pede transmission of impulses along the 
axons of the ganglion cells. For the same 
reason, early changes in the optic nerve may 
present a similar picture. 

If it is assumed that these visual field de- 
fects for blue stimuli are due to nerve fiber 
lesions, then why do they not present nerve 
fiber bundle defects of the type with which 
we are familar? ©n purely physiologic 
grounds it can be argued that the impedance 
or blocking of stimuli in the nerve fibers 
could be generalized to the pathologic process 
but the effect of interference would be difter- 
ent in fibers carrying impulses from = rod 
areas from that in fibers carrying impulses 
from the cone areas. The rod areas, because 
of the phenomenon of summation, are able 
to send stronger stimuli of higher frequency 
through their nerve fiber axons. The general 
slowing or impedance to transmission of 
sumulh along the nerve fibers in the optic 
nerve im early disease may be just enough 
to screen out the weaker or lower frequency 
impulses from the cone areas, and a scotoma 
appears. Blue stimuli viewed centrally in 
the scotopic eye are very close to the thresh 
old of perception and therefore send weak 
or low frequency impulses through the nerve 
Central scotomata for monochromatic blue 


stimuli may therefore represent very early 


A THEORY FOR THE PRODUCTION 
OF THE PATHOLOGICAL BLUE’ SCOTOMA 


NERVE 
FROM CENTRAL AND 
PERI PERAL RETINA 


big. 22.—Schematic representation of the 
low-frequency (cone) impulses in the opti 


for monochromatic blue stimul 


BARRIER TO / 


OnLy 
FROM ROD AREAS 
PASS BARRIER 


effect of a conduction barrier in screening out 
nerve to produce a pathologic central scotoma 


a 


MONOCHROMATIC BLUE IN 


conduction interference the 


evidence of 


nerve fibers 

The theory is supported by the clinical 
findings presented in this paper. The use of 
monochromatic blue stimuli, consisting of 
luminescent ink activated by ultraviolet radi 
ation to emit a light of approximately 470, 
wave length constitutes a clinical technique 
in perimetry which is of great value in the 
diagnosis of early lesions of the nerve fibers 


of the retina and optic nerve with conduction 


interference in these fibers 


SUMMARY 


Phe use of ultraviolet (Blacklight) radi 
ation and luminescent test objects in perim 
etry has reopened the field of color perimetry 
as a practical, and more objective clinical 
method of examination 

The application of colored luminescent 
inks to test objects has made it possible to 
produce color stimuli which are virtually 
monochromatic and of greater purity and 
saturation than any of the papers previously 


With 


violet radiation, a very narrow wave-length 


used. these inks, activated by ultra 


in the visual 
the 


color the wave-length stimulus falls within 


band is utilized as a stimulus 


field examination. In the case ot blue 
the band from 450p to 475p 
The physiology ol light and color percep 
tion and the visual thresholds for color im 
the photopr and scotopic eye are discussed 
as they apply to this perimetric technique 
The normal visual field for monochromatic 


blue stimuli has been studied 


PERIMETRY 


\ series of cases is presented which dem 
the the 
blue stimulus, particularly in the early diag 


onstrates value of monochromatic 

nosis of lesions of the nerve fiber conduction 

mechanism in the retina and optic nerve 
The significance of central scotoma dem- 


onstrated with monochromatic blue stimuh 
in the absence of visual field defects for white 
is discussed, and a theory for their produe 


tion is advanced 
384 Post St 
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\nkyloblepharon tiliiorme adnatum, a rare 
congenital anomaly, and difficult to explain, 
was first reported by Hlasner in 1881. He 
has the distinction of having named the 
puzzling developmental defect. leven subse 
quent cases have been added to the litera 
ture, with but one appearing in the [english 
language, completely described by Judge, 
Mott, and Gabriel Since their article ap 
peared, Mattsson * and lobstein and Haar 
scher * have contributed further reports 

The bands are single or multiple, usually 
occur monocularly, and are somewhat elastic, 
although definitely limited im their exten 
ibility. There is no definite relationship to 
prematurity, as only 1 case of 13 occurred 
ina 7-month premature infant. Sex has no 
bearing on the incidence. Most of the bands 
are located in the lateral halves of the lids; 
a few are nasally placed (one infant had an 
associated hare lip, and another had a cardiac 
defect 

The bands are always located between the 
ciha and the orifices of the Meibomian glands 
Histological tucies have hown that the 
tructure is essentially a central vascular 
connective tissue strand surrounded by pave 
ment epithelium, Sectioning of the bonds 
usually results in some brisk bleeding, which 
is selt-controlled, and shrinkayve of the stubs, 
with rapid, complete disappearance of all 


vestives of the excess tissues 


The mechanism of production of the ad 
herent bands is still a moot question, Study 
of the embrvont development of the lids 
shows that they begin to form at the 16 mm 


stage, im the second fetal month, and that 


al 


An hy loblepharon Til: 


orme = 


thes meet, becoming adherent witl epitheli 


um at 31 mm., the adherence being firm at 
35 mm. Separation begins in the fifth month 
of gestation, becoming complete by the sixth 
month 


It has been postulated that an inflammation 
of the lid margins causes defects in the epi 
thelium, permitting mesenchyme to grow 
across and thus form firm strands that pre 
vent the normal separation at the sixth fetal 
month, If this is so, how can one account 
for the invariable normal state of the cilia 
and the Meibonuan glands, the bands always 
extending between the gray lines ? 

\nother theory has been that the finger 
nails of the fetus scratch away epithelium 
and thus permit mesenchymal proliferation 
across the line of junction. It is difficult to 
accept uch selective seratching, especially 
when one considers the fact that the nails 
are not quite long enough until the last few 
months of pregnaney, after lid separation 


normally has oceurred 


judge and associates! belheved that the 
uniformity of the bands and their constant 
origin at the white line indicate ‘‘a congenital 
cle viation,” and that the anomaly hould be 
classed with other abnormalities of develop 


ment, such as various types of coloboma, et 

The following case report is offered as an 
addition to the literature and is believed to 
he the second to appear in the lengli lan 


vuaye journals 


Baby B, a white boy, was se nt 
the Je Hospital of Brook 
He is born at full tern ‘ 320) wt 
; lelive il i i thor t 
! H i i i f ect t 
ra ent condit f 4 
eve t t ented tu irat 
hy | mination revea ft trand 


¥ 
a 
| 
4 
4 Ol pale-pint u VO at the outer canthu ind a 
the Servic Jew broader ntral band. These ran from gray h 
4g Hospital of Brooklyn to grav line. and the cilia were free of ar nvolve 
a 
) 
4 


ANKYLOBLEPHARON FILIFORMI 


interventiot ifter surgical intervention 


ment underlying | \ entirely normal, as The author agree with judge and colleague 5 
vere the left eyeball li The bands were that the condition is a congenital abnormality 
severed by a Stevens scis iccompanied — by due to an anomalous deve lope nt 
moderate bleeding, whicl ceased. The stubby 
remnants rapidly hrat xamination one REFERENCES 
losed no marginal patholog y, 2) 
| no marginal logy (Fig dge, H. V.; Mott, W. C., and Gabriel 
Observation of the lids one month subsequent to A ¢ Ankyloblepharon Filiforme Adnatum, Arc! 
treatment owed 1 lh Ophth. 2:702, 1929 
2. Mattsson, R.: Ankyloblepharon Filiform: 


SUMMARY natum, Ac ophth, 28:223, 1950 


Lobster \ and 


\ case of ankyloblepharon filitorme adna 
blepharon filttorme congenital et mattormaty 


tum is reported as the 13th the world 


literature and the the Lienglish literature 


Fe 
| 
He 
| 
. ig ‘ 
Fig. 1.—Right eye before surgical [ee 
Ankylo 
;card 
p. 128, 
—Pebruary, 19 
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Successful Transplants in Eyes 
of P. alients with Laltice Dystrophy 


JOSEPH LAVAL, M.D., New York 
and 
RALPH |. LLOYD, MD, Brooklyn 


The hereditary corneal dystrophies were 
deseribed in the pre-slit-lamp days by Groe 
nouw (1890), Biber (1890), and Ilaab and 
Dimmer (1899). The diagnostic features of 
granular and macular dystrophy were not 
evident with the apparatus then available, 
but the details of lattice dystrophy could 
be made out with oblique ilumination and 
the loupe and this entity still retains its 
original name. Under the title of Groenouw’s 
nodular dystrophy, the granular and macular 
types have been commingled in case reports, 
but most of these cases were certainly of 
granular dystrophies, since Bueklers, in 
1938, found 96 cases of granular dystrophy, 
27 cases of macular dystrophy, and. only 
6 cases of lattice dystrophy when he made 
his survey of Wurttemberg as a part of the 
plan to eliminate hereditary ailments from 
the German race 


Lattice dystrophy is a dominant heredi 
tary affliction, first making its appearance 
about the 10th year of life. Despite the great 
number of crisscrossing “tubes,” the vision 
is not seriously affected until ulceration be 
gins. Very few microscopic sections have 
been made, but the sections by Lowenstein 
and one from one of our patients at the 
Manhattan Eye, Kar and Throat Hospital 
confirm the impression gained by clinical 

Attending Surgeon and Eye Pathologist, Man 
hattan Fye, kar and Throat Hospital (Dr. Laval) 
Consulting in Ophthalmology, Brooklyn Eye and 


kar and I ong Island College Hospitals (Dr. Llewd) 


lig. 1.—-Lattice dystrophy (Lowenstein, A.: Klin 
Monatsbl. Augenh, 82:752, 1929; published by 
Ferdinand Knke, Stuttgard). (a) Bowman’s mem 
brane (fr) acidop! ile depo it (c) basophile deposit 
nm stroma 


observation. The ulcer seems to be the result 
of an elevated nodule trom which the epi 
thelium is rubbed by the hd movements. The 
vitality of the tissues involved ts undoubtedly 
unpaired by blister-like formation, with 
destruction of Bowman's membrane and, 
finally, deeper effects im the stroma. The 
corneal tissue becomes denser and dense 
as the attacks of inflammation and ulceration 
continue 

Phe pathological picture this. type 
dystrophy is well shown in the illustration 
taken from lLowenstein’s paper (big. 1) and 
also in the shde prepared from the cornea 
of Case 1 im the present report | Fig. 2). Th 
hyaline deposit (acidophile deposit of Lowen 
stein) beneath the epithelium is well defined, 
and the changes in the epithelial layer are 
well shown 

Bucklers has shown that the three corneal 
dystrophies ire not interchangeable, nor do 
various types occur ina family. The granulat 
dystrophy is dominant and affects only the 


central corneal area, leaving a clear zone 


é 
q 
4 
j 
| 


STROPHY—CORNEAL TR 


peripheral and betwee the various spots 


and dots. There is usually no uleer and no 


inflammation, The lesions are seen as early 


we, and the vision does not 


vet too poo! to allow. the 
| ike the 


trophies, this form. is avase ular and bilateral 


patient to do 


ordinary work other corneal dvs 


Phe macular dystrophy 1s recessive, and 


its effects are most severe, the entire cornea 


intervals be 
dotted 
that 


beimy involved, and even the 


tween larye spot are thickly 


loss of vision is the first) symptom 


makes the patient know that there is some 


thing wrong, in both granular and maculat 


dystrophy. Uleers oceur im the lattice type 


and are rare in the macular type, but attacks 


of inflammation do occur Powne nproved 
the vision in a case of the macular type b 


contact lenses and made tt possible for an 


affiliated officer to finish hi during 
the World War on a small boat mn all kinds 


ettort 


seTVICce 


ot weather. The made to relieve these 


Fig. 3 1942 Pre 


ippearane 


operative 


INSPI 


iN] 


ifter corneal gratt 


patients have ime luded local appheations, then 
scraping and curetting, next supe rficial trans 
plants, and, at present, lamellar and penetrat 
ing yraltt 

Che number of cases of lattice dystrophy 
small 


venerally accept d 


tre ated surg4 ally inicle ed because 


at the tew cases ot the 
would lose it 


idea that the new tissue 


clarity Because ot the suecess obtaimed by 


one of us (|. L..) in four eves of two patients, 


other (R. I. L.) in 1933 


and photographed in 1938, this presentation 


seen first: by the 


I> made 


REPORT OF CASES 
aged 31 \ fit 
complaming of a large uperticial 


Both 


ed many optically 


corneal ulcer of the left cornea vere 


insensitive, and the slit lamp she 
empty ply 1 various layers of the stroma 
healed readily 


numero ) uleet 


radu used 
might require, 


43 and 20/40 
1942, but 


with co 


fitted in 


1942 


* 
Fig. 2.—Corneal tissue from Case 1. / Bow Fig. 4.—Right ey l 
man’s membrane; /:, epithelial change hyaline {postoperative 
deposit 
nby 
too 
hve li 
1 
ection. Contact lenses were the 
hig Corneal appearance O. S Pr 
operative 
~~ 


OPHTHALMOLOGY) 


hig. 6 Appearance © after corneal 
gralt (postoperative 
ordered to be used 
though they did later h returned ‘ plat gy of headacl 
mprove his W semew re vision of the right nausea; the vision is 20/400, and the intra 
50 with and without the contact lens, ocular tension wa ile Sohidts After 


matient Acal 


| eft ove om 10/26 
ion the left eye improved from 10/200 to pilocarpine and pl ae tte hat 
The patient had repeated attacks of ulcera slain woae to 60 min 
3) performes ne day on tl ght eye. There 


inclusion wa 
thon of first one cornea and then the other (hig 
than corneal ulcer was made the 
1938, at 

\ few weeks |: | t loped a typical 


epidemic keratoconjunct 


No diagnosis other 
until the article by Buecklers appe aired, in 


of lattice dystrophy was hig 
in the left eye, with 


which time the diagnos 
made. In September, 194%, when he gave a history i ; 
a fairly large preauricular gland on 

for the past 16 years, 
our weeks later the left eye had quieted, with no 


20/200 ©. D., not 
evidence of corneal scarring o the old kera 


the left side 


of having had “ulcerated eve 


he was seen by J. I i va 


with a contact lens 


had some deep corneal vessels, 


improved, and 
with +4.00 sph cyl, ax 13 cor 


titis, which then 


no 4 1 
had a lattice type of dystrophic keratitis, and 8Fowing im at the limbus below Vision 
had a central raised, whitish area vith the irts 


right cornea 
with sph + 1.00 evyl 


irea stained with fluores 
sph 3.00 ey x (bigs 


vith serrated edges. Thus : 


> mm vas fairly super 20/200 with +4.00 


4 and 5) 


i removed by a superficial Four months later 


cem and measured 
ficial and emed ach ju below Bowman's 
lune 1, a penetrating 5 


on the left 


i 


membrane It 


keratectomy When the tissue wi 
corneal epithelium vo. Paton overlying suture Thre 


is fixed and 0 al graft was performed 


tained, it wa een to Consist of 
overlying an amorphous, evenly staining ma Fol ' ' 
ome bulging of the graft above was 
lowing thi vision ©. LD. was improved from 
ome grayne of the graft nasall 


vith + 1.00 sph + 1.00 cyl, ax w evithelial blebs developed 


The intraocul 


On Dec was recurrence of inflam 


ind homatropine 1° was 
appearance ©. LD. (lett 1940 
toperative, 1953, after reoperation 


é 
— 
thy 
eve, 
necks 
noted 
iter i 
irea ot 
13 prayne tension was normal 
Beta-ray n to the gravish area 
pa 
RAO 


hig. 10 wstoperalive 


by Dr. Okran 


later the blel ver x and ‘ 


seeks; 


less apparent. At this time Vision Was 


with +1.00 20d « ix 120 for the lett 


eve Corti id been used inter 


mittently at ! continued Phe tensiot one 


time rose to 30. mm. Hg but was quickly controlled 


with pilocarpine, after which the tension remained 


20-25 mm. Hy without medication, On Aug. 15 


two months after the corneal graft operation, viston 


QO. S. was 20/40 vith correction, improved from 


20/200 preoperatively (hig. 6) 


One year later the tensior 
mm. Hye and the visio 20/80) n Oct 
done on 


min. corneal graft was 


Paton overlying suture 


Phe tensior ne postoperatively 


even with atropine 7.00 lens. vision of 
20/40 wa 
1953 peratively. lt 


1954, the n Wi 20/40 with a 


and 


obtamed for tl ight eye in February 


improves J 


7.00 len 


The patient 1 ‘ ey ‘ 
vith 
7 and &) 


remarkable that there been no more 


of rednes irritation, an photopl obia 


since the corneal grafts were 


performed 


1954, postoperative 


has had a bene- 
ological process, 


ve 59 mother oat 


Mr. W 1 in 1938 by R. 1 at which 


tun the members family were also 


examined he mother sisters were found 


to have typical corneal dystrophy, and one 


hrother was norn vision Was 4/200 
nd 10/200. and tl ‘ as were very whi and 
insensitive I hue peared first at J0 years 
of age, but she hi t had any exacerbations tor 
the past six vears. The slit lamp showed a dense 
streaks im the 
blood, a 


earlier stages ot all these 


cornea wit evular cotton white 


troma some of whe contamed 


different from. the 


picture 
quite 


dystrophies, which are avascular. There was nothing 


to be done about this pitiable case at that time, but 


after the successful operation on the son, the mother 


her 70's, demanded the treatment 
June 18, 1951, at the age of 


light perception O. [ 


was seen by |. L. on 


72. Vision wa 


with good 
Hg O. U 


opaque, but an 


projection, The tension was 28 


Both 


al ior chamber 


corneas were yellowish and 


could be seen because the opacity 


did not quite reach to the limbus in either eye 


(hig. G) 
On Aug. 2 


pratt wa 


corneal 
Phere 
no complications, and vision was 20/40 
six weeks (hig. 10). On 


1953, one and a half years lates 


a 5 mm. penetrating 


1951 
performed on the right eye were 
with 
May 2 
a similar operation 
left eye. The vision on beb 


with 1.50 1). (fig. 11). 


later 


vas performed on the 


as 20/40 O. S 


\Imost 


first eve of these two patients was operated 


four years have passed since the 


on, but to date all four of the corneal grafts 
‘| hie 


kept under observation, and we hope to be 


have remaimed clear cases will be 


able to report further in detail, Reports of 
only a few corneal transplants i) Case on 
lattice dystrophy are available, and the re heft 
given these patients 


justifies the surgical 


procedure 


LATTICE DYSTROPHY—CORNEAL TRANSPLANTS 
od ficial effect on the underlying pat 
4 
the right eve t 
attacks 
there: 
Fig. 11.—O. S. 
x 
3 
; 
di, % 4 3 4 


BIBLIOGRAPHY 


The bibliography is concerned with lattice 


dystrophy but includes Groenouw’s deserip 
tion of what he called “nodular dystrophy ns 
Biucklers includes all 


three of the hereditary dystrophies 


‘The classie article by 


Groenouw \ Hornhauttru 


Knotchentormiget 
\ugenh. 28:2%1 


Hornhauttrubunger 


bungen, Arch 
Knotchenformigen 
Arch, Ophth, 46:85 
oberflachliche gittrige 
\ugenh. 2:353, 1899 
Keratitis, Ztschr. Augen! 


Dimmer, F Uber Horn 
hauttrubung, Ztecher 

Haab, O 
2:23 

Kraupa, | Zur 
hautveranderung 
3496. 1923 


witterive 
gittertormigen Horn 


Monatsbl. Augenh. 70: 


(,ene se der 


Klin 
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Arch Ophth 
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Kenntnis der 


Haab-Dimmer 


Horn 
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Ztschr 
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\ugenh 
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Clinical Notes, New Instruments and Techniques 


NEW GERMICIDAL TONOMETER STAND 


ROBERT S. ROSNER, M.D., Cleveland 


VERY 


SOME 


ophthalmologist is interested in 
sanitary method of using the 
that the instrument wall not 
Infection irom patient to 


tonometer so 
transter an 
the next 


one 


hese 
ether 
alcohol 


Various techniques have been used 
included the plunger with 
alcohol mixtures, ethet 
alone. ‘The tonometer stand that kept the 
plunger constantly immersed was discarded 


wiping 
alone » CF 


because fluid got between the plunger and 
the footplate and rose by capillary action 
It was felt that this fluid impeded the accu 
wash 


racy of the reading. Some 


then 


men yust 


instruments in hot water 
| have developed a tonometer “sterilizer” 
ultraviolet 


posure close to the tip 


that employs radiation-ozone 
instrument was 
made with the cooperation of Dr. L. J. But 
tolph and staff at Nela Park, General 
Kleetric Lamp Division, Cleveland 

The following data are taken from L.D-14, 


Ultraviolet Sanitation Booklet, page 6 


i small mercury lamp using 


only 4 


icross a coiled tungsten 


watts. The electrons tray over are 


filament in an atmosphere 


of mercury vapor. | generates short wave ultra 


| 
efhiciently transmitted and 


bulb 


ithin a fe niche bulb 


violet radiation which 1 


emitted through the gla zone is produced 

Ozone 1s ut 
table ind ly vert ordimary oxygen 

ociat 

this ultra 


bacteria, viruse 


» the bulb, the killing of 


greatly icreased and the killing 


reduced 


It should be Staphylococeus 
aureus, alpha escherichia 
coli. beta Streptococeus, and typ 
and spores are all killed within 
minute within 1 ot 


that 


Streptococcus, 


noted 


ical molds 


one-quarter when 


lonometer Sterilizer Stand 


: 
By getting very closs 
time gratl 
= 
* 
if 
ger 
violet bulb. Its radiant energy kill 
\ t} rvanist found in nebulized saliva ere 
> 
bulb. Thi true also of alpha streptococecu 
and sta iureu coli dry and moist were j 
4 
i ilso killed in the ime atmospher n le than one 
niniute Pha i apphed to beta emolyty trept 
and many molds. 70% Aspergillus niger spore fy = 


the bulb. As an extra precaution, the plunger 
hould be kept in this sanitary atmosphere 
for longer periods. | have kept the light on 
all day and have 
corrosion on the tonometer 


noted no evidence of 


[he rate of germ destruction is directly 
proportional to the number of organisms and 
their resistance, It takes longer to_ kill 
| 000,000 bacteria than 100. 

lhe tonometer should be cleaned after 
each use, No protein should be allowed to 
coagulate, as a film could thus be formed 
which might harbor large numbers of organ 
isms. It is known that organic matter re 
duces the activity of all germicides. 

lonometry should not be done on grossly 
infected eyes. If it is done, 80% isopropyl 
alcohol should be used to clean all infected 
material and the tonometer left in the sani 
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tary atmosphere for a longer time. The 
electronic tonometer should be cleaned only 
with dry cotton and pipe cleaners. Alcohol 
may injure the wiring 

The advantages of this method are that 
(1) the tonometer is not injured by corro- 
sion; (2) there is no irritation to the eye 
itself, and (3) the method appeals to the 
esthetic sense of the ophthalmologist 

Ihis instrument can be obtained from the Storz 
Instrument Company, 4570 Audubon Ave., St. Louis 


10. The stand is made of aluminum 


O07 Rose Building (15) 
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Registry of Interesting Cases 


It is the purpose of this section to record cases on the basis of interest only. No complete 
review of the literature is attempted and no claim for priority is implied except when specifically 
stated. Publication of case reports is subject to the concurrence of the Editorial Board on the 
interesting aspects of the case. It is requested that the reports submitted be as brief as 1s con 
sistent with inclusion of the pertinent facts, bear a title that is as specific as possible, be prefaced 
by a paragraph that states why the author feels the case is of interest and be accompanmed with 


photographs whenever possible. 


SPONTANEOUS RETINAL DETACHMENT IN FOUR-YEAR-OLD 
CHILD WITH INTERESTING FAMILY HISTORY 


_— INAL detachment in children is not uncommon, but very few cases occurring 
under the age of 4 years have been reported, Of O82 cases of retinal detach 
ment reported by Arruga! in 1936, only 4 patients were under 5 years of age 
Pischel * recalls only two cases of detachment of the retina in children under 5 
years of age, both associated with high myopia. Above the age of 5 years detach 
ments seem to be much commoner and are frequently associated with a family 
history of myopia 

The following is a report of a case which presented an interesting family history 
demonstrating the familial characteristics of this disease, 


REPORT OF CASI 


|. D.. awed 4 years. was first seen in the Eye Clinic at the University Hospitals on Sept. 22 
1954. The child’s guardian aunt had noted slight redness of the left eye for a week prior to 
admission. It was suggested by the aunt that the child might be nearsighted, since the child 
held objects close to her face when examining them. Both parents were blind, and there was 
a history of visual difficulties in other members of the family 

Examination.—Right Eye: Va, 3/60, improved to 6/20 with 12.00 sph _— 2.00 cyl, ax 9) 
he iris was blue. The only other finding of significance was the prominence of choroidal ve ssels, 
producing an unusual tessellation of the fundus. Intraocular pressure was normal to fingers 

Left Eye: Va, hand movements at 1 meter. The iris was greenish-blue and the anterior 
chamber deep. There was iridodonesis. Marked atrophy of the periphery of the iris was noted 
by indirect illumination. There were many water cysts in the posterior subcapsular area of the 
lens, The lens appeared subluxated posteriorly but was apparently still within the fossa patellaris 

The retina was entirely detached and appeared atrophic and transparent. Intraocular pressure was 
normal to fingers 

The child was placed on detachment routine with bed rest and. although she was very 
cooperative, the retina showed no evidence of settling back. On Oct 18, 1954, a scleral resection 
was done on the left eye in the region of the equator and extending halfway around the wlobe 
Postoperatively there was no apparent improvement in the appearance of the retina secause 
of the atrophic appearance of the retina, no further surgery was recommended 

Family Tlistor lhe patient’s father, A. D., wore glasses from the age of 4 because of 
myopia. At the age of 15 he noticed sudden loss of vision in the right eye. When seen at th 
University Hospitals one year later, a ciagnosi vas made of intraocular hemorrhage wit! 


and complete retinal detachment, O. S. Both eye ubsequently 


Of tl father vel thling ll had good eve except one brother W 1) He Na born 


th cleft palate and conget tal cataract He underwent linear extraction ot i cataract at 


ition showed complete retinal detachment in the 


of high myopia At ll year 


retinal detachment was made 


econdary glaucoma, © 1) 
became blind 
sbout 20 vears of age, and 5 years ater 
right eve. Visiot is remained good in the left eve 
) t th en itv Hospitals in 1934, at the awe 
The patient’s mother, R. J. D., was first seen at the versity ospitals in 4 ag 
f age she suddenly lost vision in the left eye \ diag FC — eee 
| Medicis 
From the Department of Ophthalmolog tate University of lowa ¢ ye of Medicine 
* Pischel, Dorhmann | Personal communication to the author 
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and the eye eventually became painful and was enucleated. When she was last seen, in 1940, 
she had light perception, O. D., following sudden loss of vision several months earlier, 
and a dense complicated cataract which obscured the view of the fundus. She was presumed 
to have a retinal detachment, O. D 

The patient’s maternal grandfather, F. J., developed senile cataracts. Following cataract 
extraction, O. S., there was an expulsive hemorrhage, and the eye was eviscerated. Two years 
later he developed chronic recurrent plastic iridocyclitis, O. D., and was treated for sympathetic 
uveitis. Vision was reduced to light perception, and the right eye was enucleated elsewhere 


about a year later 


The occurrence of blindness in this family can be linked to myopia in most of 
the cases. Retinal detachment in association with myopia is often secondary to 
cystic degeneration of the retina at the equator and the ora serrata. Some familial 
cases of retinal detachment not associated with myopia show equatorial retinal 


Q Q Q 


© Normal eyes O Myopia 
OD No information available @ Detachment of retina 


Expulsive hemorrhage and 
sympathetic uveitis 


Pedigree showing spontaneous retinal detachment and myopia 


degeneration and retinoschisis. Schepens * is of the opinion that the familial charac 
teristics of myopia and equatorial degeneration are carried by different genes It 
would appear that in the present case these two genes are found together in the 
ame patient 

Mhat degeneration of the retina should occur in some of the descendants of this 
lamily was to be expected. That the degeneration should occur at the age of 4 years 
and progress to complete detachment is unusual. rom the history ot this family, the 
detachment of the retina seemed to occur about one decade earlier in each succeed 
ing generation, From this apparent progression, one might suppose that a descendant 
of the patient whose case 1 prese nted here might conceivably show retinal degenera 
tion and detachment before the age ot 4 year 


LANpis C. Srewart, M.D 
University Hospitals, lowa City 
t Schepens, Charles I Personal communication to t iuthor 
REFERENCI 
l Arruga, H Detachment of the Retina, translated by Ramon Castrovic) New Yorl B 
Westermann, 1936 
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OPTICS AND VISUAL PHYSIOLOGY 
A Review of the Literature for 1954 


PAUL W. MILES, M.D., St. Louis 


REPRACTION 


aera ' and others bravely report de 
tailed tests of refraction and visual acu 
ity by each of three ophthalmologists on 21 
adolescent patients without cycloplegia, per 
formed the same day. The patients were in 
telligent and cooperative, but in only one 
case did the final prescription exactly cor! 
Sloane that 0.50 D. 
o or a difference in axis of 15 degrees for 
a 0.75 D 


respond, concludes 


evlinder would not be likely to be 
m these cases. 


the late E. \ 
exception to this U 


Brown would take violent 


sers of routine cyclo 


plegic would smile knowingly. Such varia 
tions are probably not important unless they 
induce heterophoria 


The Rodenstock 
thoroughly tested.* 


has 


It is agreed that the 


refractometer been 


instrument is speedy and accurate, especially 


when used with dilated pupils. The authors 
idded that for a master of retinoscopy the 
refractometer has no advantage. latients who 
are difficult subjects for retinoscopy are also 


i problem for the Rodenstock refractometer 


lwo authors 7 used for a refraction target 


dot \l 


strgmatos¢ Opy, the thi 


20 em. circle of tiny luminous 


though related to 


is not highly recommended 

Phe use of “slab-off” prism in glasses for 
inisometropia is reviewed. For better 
ola SES, One should make caretul measure 


From the Department of Ophthalmology and the 
Washington [ 


(scar Johnson Institute of the 


Medicine 


ference 


Perfectionists like 


ment of the interpupillary distanee 


Pritocal 


lenses are praitsed.{ The segment position im 


checked by 


i the segment border on 


finished glasses can be 


Spec 
tion of the shadow « 


the patient’s eve seen from the aperture of an 
ophthalmoscope held in the patient’s reading 
(ilasse 


marksmanship are 


position and visual requirements tor 


discussed,!! \metropia, 


pre sbyopia, large 


pupils, and attempts to 


shoot from a shady place into the sunlight 


are the chiet hand aps 
Lhe 


tion ts 


lurville method ot binocular 


praised.§ By a mirror arrangement 
hoth eves fuse part of the test target, but only 


one can see the letters 


Patients accept more 
plus lens binocularly, except when there 1 
exophoria, Another advantage is the ease ot 
testing fixation disparity, which is Ogle’ 
heterophoria test im the presence of fusion 


measured were satisfactory in the glasses ot 


prism diopters of fixation disparity 


29 patients, according to two optometrist 
The German Ophthalmological Society 

announces that ophthalmologists cannot re 

linquish the art of retraction to optometrists 


because it is necessary to tollow the course of 


proper 


a matter of judgment, like 


ocular disease Determination of the 
powe! ol len Is 


the dos; 


Irvine 
ophthalmologist 


ve Ol dr 


hould 
that they 


tate that 
not even let at ip) 
pear pou ible 


might recerye 


from dispensing glasse 


There were five case of diabetic mye pla 
temporarily of about 4.50 ID) lhe anteriwr 
chamber became hallower by 0.3 to O.7 mm 


ind the lens corte ippeared edemator 


| 
| 
versity School of ZZ! Keterence ind 9 
19 
* References 2 and 3. Kelterence 1? and 1 
4 ancl References 14 and 1 


Digitalis eye drops are helpful in accom 
modative asthenopia by reducing cholines 


terase \sthenopia due to autonomic dys- 


tonia, ciliary spasm, and neuritis may be 


treated with snake venom ( Ammodyn ).*° 


ASTIGMATISM 


elaborate corneal studies were made 


showing that keratometer readings on each 


side of center became progressively flatter. 


The pupil seldom centers on the most regular 
part of the cornea, Peripheral corneal astig- 
matism may exceed central astigmatism by 
2.251). Keratometer readings were com- 
pared ** with retinoscopic readings in 100 
cases of postoperative aphakia. The keratom 
eter underestimated higher degrees of astig- 
matism. A 


similar study ** compared the 


astigmatism in 2068 eyes. In the discussion, 
Cowan states that few use the ophthalmom- 
eter routinely, but that it can give valuable 
information in some cases. 

A variable crossed cylinder ts reported use- 
ful for cylinder retinoscopy,** but the author 
doubts that it will replace the set of fixed 
crossed cylinders. A new chart for testing 
astigmatism *° consists of a 14-in. rotating 
dise with a grid pattern. 

When thyroidectomy is followed by mild 
proptosis, high astigmatism may develop.*® 
In two cases, oblique or with-the-rule astig- 
matism of 6.00 1D. and myopia reduced the 
The 


keratograms resembled those in keratoconus 


corrected visual acuity to about 20/80 


except in axis. Temporary astigmatism oc 
curs rarely in pregnancy, and true kerato 
conus is said to increase in pregnancy, sug 
vesting weakening of elastic tissue by estro 
hormone \stigmatism 


appears in 


diseases of lowered metabolism as the result 
of poor corneal nutrition, accompamed by 
Both 
cornea and fingernails are free of blood ves 


sels 


hourglass or spoon-shaped fingernails 


were 
In the 
published photographs, it is obvious that the 


Corneal-scleral molds casts ** 


made tor eight cases of keratoconus 


sclera is part of the cone Comparative pho 
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tographs of casts of high myopia show a 
larger corneal diameter and good indenta 


tion at the limbus. 


MYOPIA 


Refractions with atropine were performed 
on 1182 boys and girls from Poona, India.** 
except at the age of 12, there were no sex 
differences. Also reported * is the refraction 
of 590 Brahmin, 618 Chitpavan, and 645 
The last 
ceives no schooling but has twice the inci- 


Untouchable children. group re- 


dence of myopia. Pendse emphasizes the 
genetic differences more than the possible 


No 


data appeared on exophoria, esophoria, fu 


contribution of dietary differences. 
sion, suppression, complaints, or treatment. 
Pendse holds that myopia increases during 
spurts of body growth. In girls, this occurs 
during the first year of menstruation and may 
amount to 2.50D. per year. However, his 
own figures show that girls are taller and 
heavier than boys before age 12, and are not 
more myopic. 

Pendse’s findings are confirmed by Gard 
iner *' from studies of 418 lenglish children. 
Myopic children were taller and heavier than 
nonmyopic children, especially at age 14. 
There was no difference due to sex at age 13, 
but menstruation began early in the myopic 
girls. The rate of growth of myopic children 
the 


were overweight at age 10 but normal in 


was irregular, and frequently myopes 


weight by age 14. 
The 
lated 


refraction of 579 children was re 


* to age, change in refraction per year, 


and amount of refraction. More study was 


advised of repeated refractions of the same 
person 

Refraction was done on 508 weavers who 
worked at a special loom at a fast, fatiguing 
pace,”* Thirty-six per cent of the group were 
myopic, as compared with 9% in the other 


parts of the tactory Watching the fast 


moving machine increased the rate of myopi 


change It is urged that myopes be changed 


to other work and that illumination and 


working posture be improved 
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In the recent war, 30% of Japanese draf 
tees were myopic, as compared with about 
20% here. Sato ** believes that this myopia 1s 


due to excessive ciliary tone brought on by 


should be 


the earlier stages by mild cycloplegics. Many 


near work, and that it treated in 
will prefer this viewpoint to that of Otsuka 

who says that myopia is hereditary and not 
subject to treatment Mvye pla Is reported 

in 18,000 Swedish school children. Although 
of the same age, children in the Latin school 
showed a 25% incidence of myopia, as com 
pared with 19% in the technical school, sug 
gesting that myopia is proportional to the 
book 


that my pla increases because of chor idal 


work Lindner ** repeats his theory 
hyperemia and hemostasis, which can follow 
excess near work 


School myopia may be due to detects in 


orbital shape.*’ In deep orbits, the transverse 
part of the superior oblique tendon could 
press on the globe during reading. Five cases 
of Fuchs’s central black spot from myopia 
are described One patient was aged 21 
-a fifth was 00. evst 


formed in some cases, causing metamorphop 


3 were 42 years of age 
sia. There is stretching, splitting of Bruch’s 
membrane, and tapetal atrophy with migra 
tion of pigment 

Full 


identical twins born in 1906 


details are reported *’ on a pair of 
The boys grew 
up together, and there was absolutely no 
difference to ac 
and the 


25.00 D. or more of myopia 


genetic or environmental 


count for one being emmetropic 
other having 
Their keratometer re adings were nearly 
equal 

\Ithough the lamellar scleral resection does 
globe,- oper 
Shapland " would not ad 


The optic 


permanently shorten the after 
ating on 71 eves 
Vise it in uncomplicated myopia 


and the hy 


studied.*' There was 


of the permetropt eve 


were in increase mn hy 


permetre pla and a decrease in myopia of the 


interior and p terior angle alpha as deter 


mined by Nordenson’s technique 


In growing child 


ally becomes more my pr 


ren, the dominant eve usu 


than the recessive 


eve. In strabismus, the dominant eye ts less 


hypermetropt \ haploseopic comparison ot 


the accommodative tone of the two eves was 


made.*? In some subjects the domimant eve 
accommodates more than the other regardless 
of the direction of gaze, suggesting that ch 


iry tone is a factor in developmental dioptru 


OPHTHALMIC LENSES 


hard 


are light in weight, do 


Plastic lenses can be nearly as 


crown glass 


not break, and do not fog. Corneal contact 
lenses may ship off in cases of keratoconus."* 
Ov all types the corneal-scleral fluidless lac 
rimal ventilated contact lenses are most com 
fortable.© Sattler’s 


veil, corneal erosions, and 


edema caused failure in about 20% of 365 


patients litted.* Other clinical reports were 
published.# Contact lenses ean be made with 
out molding by means of stereophotography 


Contact lenses for use by “frog-men” undet 


water were designed.”* 

The use of teles« Opt lenses has been sadly 
neglected Not many partially sighted pa 
tients have the intelligence and persistence to 
master them, but test sets should be available 
ottice In 


all that is necessary 1s a strong conve» 


for demonstration in the 


CASES, 
spectacle lens “ tor reading at 3 or 4in. For 
many patients, this produces a better visual 
field and depth of focus, without the expense 
If strong lenses are to be used binocularly, 
suitable prism must be added, Patients under 
the ave of 40 with visual acuity of 20/200 or 
10/200 will benefit from the Feimbloom 6- or 
8-power Vision at 


SCOP spect le 


about 3 in. is somewhat superior to that ob 


tained with 10 to 20 D. of excess plus sphere 


The optics of magnitying devices like the 
Jeehe loupe are discus ed 

\niseikonia is discussed from a_ clinical 
standpoint.* Magnification formulae are © 


plained.4 
© Kelerence 45 and 46 
4% through 52 


# Kkelterence 


* Reference 9 and 60 


ves 

change 

xt) 


\CCOM MODATION AND CONVERGENCE 


Haploscopic studies of accommodation and 
convergence in normal and presbyopic eyes ' 
indicate that no more effort is required for 
the last diopter of accommodation than the 
first, whatever the amplitude available. In 
presbyopia, accommodative effort must relax 
because convergence doe 

\ myope aged 20 is said to have about 
twice the accommodative amplitude of his 
hypermetropic brother." At the age of 50, 
the hypermetrope requires a much stronger 
reading addition, partly because of lens ef 
fectivity at 12 mm. from the cornea 

\ case of accommodative paralysis from 
lead is reported.“’ Curiously, the accommo 
dation was better for a period of about one 


hour after a meal 


Through an artificial pupil,f there was an 
increase in accommodative amplitude and 
speed upon increasing illumination up to 
1000 lux. Increasing the size of the Landolt 
ring target also shortened accommodation 
time. By photographing human Purkinje re 
flections, it was shown in night myopia 
that O.8O 1D). is due to accommodative tone 
\pparently, the human eye accommodates in 
empty fog or space in light adaptation about 
the same amount, just for lack of a fixation 
object. The minimum quantity of light re 
quired to elicit accommodation in the dark 
adapted eye was | millilambert on a 1-degree 
target. This is about twice the foveal cone 
threshold, far higher than rod threshold 
Therefore, foveal cones are required. At 
such low intensity, a color fringe would not 
he likely to be involved in the stimulus. This 
refers to what Weale®’ calls the most dra 
matic discovery of the year lincham’'s 
color Iringe theory of accommodation 

\fter removal of the upper cervical gan 
glion ™ on one side in the cat, myelinated 
fibers to the ciliary body degenerated within 


72 hours. After coagulation of the Gasserian 


t References 66 and 67 
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ganglion on one side, there was Wallerian 
degeneration of nonmyelinated fibers in the 
ciliary body. There are, therefore, two type 
of nerve supply. Marg" stimulated the cil 
iary ganglion of anesthetized cats and ob 
served the accommodation with a Rodenstoch 
refractometer. With between O and 5 volts 
ot ose lating electricity, the linear accommo 
dation suggested a multiunit smooth muscle, 
in which the action depends on the number 
of units responding. Lens capsule and fibers 
were observed under the phase-contrast mi 
croscope while applying electric stimul 
There was contraction, but the time was too 
short for the accommodation to be considered 
lens-induced 

Some patients will accept +0.50D. bin 
ocularly, a lens which will blur the visitor 
monocularly This may be due to sympa 
thetic ciliary innervation for negative, or dis 
tance, accommodation. In routine refraction 
the final sphere should he determined bino 
ularly 

In 90% of refraction cases, decentration 0} 
the lenses or prescription of prism base in to 
relax convergence for near work is advised."' 
\n optometrist * claims success in treat 
ment of 103 from a group of 155 patients 
with exophoria or exotropia. His prescrip 
tion of excess minus power of from 3.00 to 
5.00 D. is said to cause little discomfort. 

As a routine cycloplegic,”” 1% cyclopen 
tolate (Cyclogyl) is comparable to atropine 
in Negro eyes. No local or systemic tox 
effects were encountered. Cyclopentolate for 
lightly pigmented irides may be used in 0.5% 
strength. When methylcellulose solution is 
used as a vehicle for cycloplegics, only 1 drop 


need be given." 


VISUAL FATIGUI 
One of the most fatiguing procedures is to 
continue testing visual acuity on Landolt 
rings." After 60 minutes the visual acuity 
actually decreased 18% to 32% in all sub 


jects. Flicker fusion frequency decreased 


. 4 
‘ 
a 
° 
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about 10% during the hour. This seems to 
the reviewer a good excuse for rapid methods 
of refraction. If refraction and motility can 


not be tested in 20 minutes, the examination 
should be continued on another day 

It is not accommodation, but convergence, 
which becomes fatigued.*” Technicians oper 


ating stereophotographic apparatus become 
fatigued because accommodation is dissoct 
ated from convergence.*’ The psychosomatic 
approach should be taken im clinical work ° 


for better interpretation of fatigue 


TORSION 


\ygain this year, papers have appeared on 
ocular torsion, only to be refuted. The con 
fusion seems due to terminology, to mislead 
ing results of after-image tests without an 
eye-centered spheric coordinate system, and 
to poor visualization of Listing’s plane 
Surely, both eyes make involuntary synchro 
nous or fusional torsion movements, but not 
Bielschowsky 


and Javal described the righting eye move 


necessarily in oblique gaze 


ment on sidewise tilt of the head. The excy 
clophoria of upward gaze is accepted.”’ This 
may be physiological overaction of the in 
ferior oblique muscles 


Lhe 


measure the correcting rolling reflex result 


after-image method was used to 
ing from tilting the hody sideways 0, 10, and 
The reflex did not 


with a 


45 degrees occur im a 


patient defective vestibular system 
\ head tilt of 30 degrees produced compen 
sating rotation on the visual axes of 10 de 
grees.” 


rected 1 D. or more of astigmatism, tilting 


‘ In 25 subjects whose glasses cor 
the head caused monocular blurring 
Pascal 


on the anterior-posterior axis 


defines ocular torsion as rotation 
“True” tor 
sion would be in the same direction tor both 
cornea and retina. In “false” torsion the globe 
rotates not on an anterior-posterior axis, but 
on a line in Listing’s plane, which ts a frontal 
plane through the center of the globe In 
“false” torsion the cornea and retina make 
a twisting motion opposite each other on the 
anterior-posterior axis. This simple state 


who also ob 


Roelots,"* 


ment is refuted by 


jects to the term “false” torsion. Raubit 
schek *? upholds Pascal in a reply eriticizing 
Roelofs’ views 

In a paper favorably discussed by Adler, 
(uereau § presents helpful illustrations about 
ocular torsion, 


confirming Donders, 


Pascal, ete. Hewitt," who wrote about tor 
sion in 1951, complained that torsion should 
be defined not in a spheric coordinate sys 
tem, but in terms of the position of the head 
Hewitt based his argument on experiments 
with after-images, while Quereau depended 
on the change in angle of the line between a 
limbal vessel and the corneal center 


OPTOMOTOR REFLEXES 


The ophthalmograph was improved by a 
When an 
object fixed by both eyes is moved, there ts 
120 to 180 mse 


special camera and time marker.”* 


a delay of before the eves 


turn. The eyes move as though both were 


stimulated from the central nervous system 
Phe acceleration and ce 


The tol 


lowing eye movements jerk, as predicted by 


at the same instant 


celeration are rapid and precise 


LLudvigh’s feed-back proprioception theory 

Other methods and results of tracing eye 
movements are described The time con 
sumed in eye movements or in a reflex blink 
\uthorities § 


warn that during a blink, an approaching 


is vital in flying modern planes 


plane could collide before an avoiding hand 
or foot motion could be accomplished. Visual! 
perception time can be shortened by caffeme 
or pentylenetetrazol, or lengthened by alcoho! 
or barbiturate.’ The impulse latency 

from the retina to the geniculate body in man 
From 
100 


is 30 msec., plus 10 msec. to the cortex 


stimulus to an eye movement requires 
msec, The time between stimulus and a finger 


switch response increases in low-target im 


tensity and decreases in high.'’* 

Time and other characteristics of autoki 
netic eye movements were studied # = With 
the ocular muscles paralyzed by curare and 
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decamethonium,'”® there was no false move 
ment of fixed objects or autokinetic sensation 
when the subject’s eyes were moved manu 
ally by the experimenter. Only when the eye 
moves under its own power can one see auto 
kinetic movement 

\lternating hyperphoria in a series o} 113 
patients of all ages from the Amste rdam mo 
tility clinic were studied." It was not al 
fected by direction of gaze, and the move 
ments were slow and gliding, like fustonal 
movements \lternating hyperphoria Wa 
explained as a disturbance ol monocular op 
tomotor reflexes, corre sponding to some o} 
the ideas of Keiner. Stimulation of the laby 
rinth by cold or warm water, or by 90-degree 
inclination of the head, did not change alter 
nating hyperphoria.’” 

fen Doesschate observed wide search 
ing nystagmus, like that im congenital am 
blyopia, when he placed two 4 20.00 D 
lenses in a trial frame before a normal eye at 
a vertex distance to place the focus in the 
rotation center of the globe. Ieye movements 
would not change the position of the blurred 
image on the retina; so the nystagmus may 
he an exaggeration of normal fixation nys 
tagmus 

READING 

Both the phonetic and the flash card sys 
tem should be used for teaching reading to 
about 20% of the pupils.'’’ Children with 
aphasia need to learn by use of the ears and 
fingers, as well as by the eyes Pathological 
studies in a patient who suddenly lost the 
ability to read showed normal visual path 
wavs.!"° There were lesions at the base of the 
left cerebral hemisphere where the fusiform 
lobule had disappeared 

Vocalization is one cause of slow reading 
habits’! but the speed of word recognition 
depends partly on experience im vocalization 
of that particular word Words appearing 
more frequently in the literature are recog 
nized in shorter tachistoscopie exposures 

lhe determination of visual fixation by the 
cuity gradient of paramacular cones ts dis 
cussed Most of a printed word ts in ved 
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on the paramacula, and when recognition re 
quires but one fixation that is usually in the 
center of the word. Hemtanopsia interteres 
with reading because halt the word 1s not 
visible \acular sparing may follow an adap 
tation process hy which the fixation cone 1s 
changed toward the functioning halt of the 
retina 

Children with an amblyopic eye may have 
reading difficulties ''* when the blind eye 1s 
on the same side as the dominant hand. It 
may he easier to change ocular dominance 
than hand dominance. Attempts to change 


cerebral dominance have been futile 


FUSION AND DOMINANCI 


The new thinking on the mechanism ot 
fusion started by Verhoeff gained momentum 
this vear. By Hamburger’s method, normal 
subjects were tested under stereoscopic 11 
valry conditions.’ \lternations occurred at 
a rate of 20 to 30 per minute The alternation 
rivalry may be in nonfusing colors like red 
and green, or black and white, or may he 
rivalry in nonfusing patterns. Inhibition and 
summation contrast phenomena can be ob 
served where lines or colors superimpose 
Persons with more rapid alternation pertorm 
hetter with less fatigue certain tasks like ster 
eoscopic map making and stereo-range find 
ing. The rate of alternation correlates with 
retinal adaptation in a few seconds, color 
contrast and pattern im one retinal area fades, 
when the cther, corresponding retinal area 
must become dominant to maintain a con 
stant cerebral image. A strong retinal inhi 
hition reflex for the corresponding point 
fades with the local adapt ition, and the inhi 
bition stops. In lower animals, alternation 
must occur, or there would be diplopia 

Phe observation by Hering and other early 
writers that normal eyes alternate while re ad 
ing was confirmed.* | can see this easily by 
reading with red green gl isses. Any anon aly 
which would make the vision or the move 


ment of one eve inferior would intertere with 


* Relerence 115 and 116 
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OPTI 


rapid alternation, and would therefore impair 
stereopsis. Interference could follow a subtle 
change in dominance of nasal over temporal 


retina 


Of two equidistant objects, a person per 


ceives that one as nearer which is homolat 


eral to the dominant eve The dominance 


could be varied or alternated by neutral den 
sity filters or fogging lenses. Normally, foveal 
dominance 1s equal bilaterally Upon tests ol 
the dominance of areas of the binocular visual 
fields toward the right of fixation, the right 
retina 


hecomes gradually more dominant 
until the monocular crescent is reached In 


spontaneous anisodominance, central domi- 


nance favors one eye a percentage which 1s 
distributed equally over the binocular field 
This causes an error in relative distance per 


\nisodom 


from anisopia and from antset 


ception of mass objects in space 


nance differ 


konia in not requiring stereopsis. Anisodomi 


nance, like anisopla, can be due to amsocortia, 


damage to one retinal image, or a temporary 


change, such as unilateral dark adaptation 


Suppression Is the chiet factor in the new 


alternation theory of fusion according to 


ingenious experiments. There can be no tu 


sion in the traditional sense, because there 1 


no doubling of brightness or visual acuity 


However, binocular vision is slightly bet 


ter than monocular vision in both brightnes 


and acuity. This binocular improvement wa 


observed in spite of plus sphere fog in 


tended t prevent the well-known etfect 


binocular vision to lower the accommodative 


level. The improved binocular visual acuity 


can be attributed to an impairment of 


monocular foveal image by the asymmetry of 


the light ray bundle Since the visual line 1 


not on the geometric anterior-posterior axi 


of the globe len and cornea, it would be a 
strange come idence if the foveal hight ri 


arrived ymmetricall or perpendicular] 


The asvmmetry would make the foveal image 
superior on one side for one eye and on thie 
other side tor the 
bining the better parts ol the two retina! 
images could the visual obtain the he 


Verhoett 


corte 


Here 


pos ible picture 


gains evidence. He said that the cortex se 
lected and held any part ol either retinal 
unage it found most useful 

In Sherrington’s classic binocular flicker 
tudies, the fusion rate for monocular vision 
was 3% less than that with alternate flashes 


seen by the other eve With more precise 
electronic equipment, Perrin found binoc 
flr ker 8% 


Shikano 


ular monocular 


higher than 
found little evidence for such bin 
ular 


cooperation m 


improving flicker fu 


ston rate 


barnwood present 
whi h 


alternation 


~tereo 
ments contradict 


theart he 


ecem to some of the 


new matter is not 


“as “us many writers seem to beheve, 


for their stereoscopic illustrations are too 


cruce Stereopsis is a mirac le of precision, 


ind it is almost impossible to set up tusion 


contours exact enough to control stereops) 


| can ee phy 


logical diplopia in nearly all 


of the Only 


published stereograms corre 


sponding pomts are said to alternate, not 


those in physiological diplopia 


The difference in sensitivity of temporal 


retina to length discrimination as compared 


with nasal retina was studied.'** The ditfer 


ence was considerable, but it gradually disay 
More re 


ditference 


eared with age earch is indicated, 


because the mav be related to «x« 


ular motility problems of children 


Phe dominance of peripheral fusion over 


macular under certain conditions is di 


Optomotor reflexes trom periph 
eral retina may dominate those from the 
macula Size and contrast are mniportant 
parts of a peripheral stimulus, while color 
nd form attract attention im the macula 

fustonal amplitude Wa well mea 
ured the duration between flash « 
posures in a haploscope which vill just per 


against a certan tre 


I.xperiments were performed on vertical and 


evelofusional movements.4 There tor 
ional. as well as horizontal and vertical, fixa 
thot rit 


IND VISUAI PHYSIOLOG) 
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PERCEPTION LATENCY 

The Pulfrich phenomenon, in which a pen 
dulum swinging in a frontal plane appears to 
describe a horizontal ellipse, is due to the lag 
in perception time in one eye produced by a 
gray density filter. The lag was calculated in 
filter 


Darker filters soon interfere with stereopsis 


milliseconds '** for various densities 
and stop the experiment. Other experiments 
were presented in which one target in a ster 
eoscope was printed partly on a gray back 
ground 

The Pulfrich phenomenon can occur under 
conditions eliminating convergence and ac 
What resembled the Pul 


frich phenomenon can be produced '*' by 


commodation 


placing a prism before one eye. This might 


appear to interject convergence as a cause 
of the phenomenon except for the fact that a 
The 


power of a prism varies with the angle of 


flat prism produces stereodisparity 


incidence 


Perception latency multiplied by the dis 
parity in the Pulfrich phenomenon is a con 
stant.'"* There is a flattening of the near part 
of the elliptic path due to monocular depth 
This 


reasonable, because the ellipse is best seen on 


factors, such as brightness."* seems 
peripheral retina, in which brightness is more 
important. Reducing the light intensity for 
one retina has a greater etfect on perception 
latency in peripheral than in macular retina 

Perception latency may be measured by a 
combination of rotating dises.’** The increase 
in time was greater from a density filter than 
could be predicted by the Pulfrich phenom 
enon, 


STEREOPSIS 


The Luneburg theory that visual space can 
he described by Riemannian hyperbolic geom 
etry has been confirmed in subjective studies 
by the late L. 


68 pages, they show how to express the sub 


H Hardy and associates 


ject’s binocular metric space perception as a 


number. It is a refined test of stereofunction, 
as well as a description of individual differ 
ences in visual localization and orientation 
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Ogle ft objects to the common use of the 
term “stereopsis’”’ when the writer means to 
say “depth perception.” He cites a shameful 
error being made by some of the gestalt psy- 
chologists: “The theory of local depth signs 
of disparately stimulated retinal elements can- 
not be upheld as far as optics are con 
cerned.” Ogle, of course, provides irrefutable 
Wallach,'** 


shadow images of a three-dimensional wire 


evidence for instance, made 


object. As long as the object remained sta- 
tionary, the shadow on the screen appeared 
the 


figure was rotated slowly, the image on the 


two-dimensional, However, when wire 
screen appeared in three dimensions. Since no 
disparity could possibly be present, he con 
cludes that stereopsis does not require dis- 
parity. This phenomenon can be observed 
monocularly ; 
the 


explain the fact that stereoscopic acuity and 


so Wallach has no right to use 
term “stereopsis.” do gestaltists 
the distance limits of stereopsis are propor- 
tional to the interpupillary distance ? 

To adjust stereoscopic disparity for per- 
fect depth value and also comfort in three- 
§ 
Most 
of the discomfort reported 1s heterophoria or 
difficulty 


quired to the absence of accommodation re- 


dimensional movies requires experience 


Large close-ups require less disparity 
in adjusting the convergence re- 
quired, Stereomovies are said to be excellent 
for fusion training.'*? The new Polaroid tele 
vision viewer does not require stereopsis, but 
should prove helpful in fusion and amblyopia 
training if the child's head stays erect 
There is an excellent review of the phylo 
143 


genetic development of binocular vision 


here is also a review of the anatomy and 


the 


bodies in animals and primates.’ 


physiology of chiasm geniculate 


DEPTH PERCEPTION 


The Thouless etfect is an illusion in which 

a plane dise or ellipse tilted off the frontal 

plane appears erroneously to be more nearly 

in a frontal plane. This may be experience, 
t References 136 and 137 
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The discrimination 


not depth perception.'* 
of position of a luminous Thouless dise 1s 
better in the dark, which interferes with the 
illusion 

The psychologists © report tests of the ap 
parent midsagittal plane or the apparent ver 
tical in normal subjects and in patients with 
brain disease 

There is an illusion noticed in dog or horse 
races in which judges on each side of the 
tinish line tend to see the most distant animal 
pass the finish line first.’ Possibly one 
should watch this in automobile traffic, es 
pecially if a policeman is around 

Of the visual clues involved in flying and 
landing an airplane, linear perspective ap 
pears to be most reliable.’ Next in order 
are retinal image size, stereopsis, and motion 
parallax. The increase in density of patterns 
on the terrain with distance, which Gibson 
emphasized in his book on perception, was 
most important Landing an airplane on a 


homogeneous surface would be dangerous 
Flying ability improves the training in per 
spective discrimination 

Some subjects made good scores in the 
Howard-Dolman test who did poorly on the 
Verhoetf Stereopter The tormer test im 
troduces undesirable monocular clues and de 
pends partly on aniseikonia and the horopter 
position. In the three-rod stereoacuity test # 
depth perception of older persons could be 
improved by dilating the pupils, while that of 
myopes could be improved by excess minus 
lens. Heterophoria appeared to interfere with 
depth perception more in daylight than in the 
dark. In 1016 subjects, the best depth per 
ception the middle of the 


three rods conformed to the shape of the 


was found when 
horopter with all three in Panum’s fusional 
areas 

Size constancy and related perception re 
ceived attention.* An interesting size phe 
nomenon might hi 


When 


ive clinical appli ation? 


a person looks at a wall 27 in. away 
146 and 147 

14% through 151 

# References 155 and 156 


* Reference 157 and 158 


Reference 


Reference 


through a circular 1/4-in. aperture 3 in 


from the eye, a large blur circle fluctuates ir 


regularly with variations in pupil size 


INTRARETINAL REFLEXES 


Experiments show that stimulation of a 
retinal area decreases the sensitivity of adja 


cent, and even remote, areas of the same 


retina soynton 


challenged the idea that 
this is reflex action. Part of the change in 
sensitivity could be due to the veiling effect 
of stray hight. Fry and Alpern f state that the 
metacontrast phenomena involve both stray 
light and inhibition reflexes. Metacontrast 
was measured from flash luminances of trom 


1 to L000 foot-lamberts 


In studies of foveal summation, it 


Was 


found '"* that red- and blue-sensitive recep 
threshold) when 
\ red patch 


needs more luminance to appear equally as 


tors behave differently at 


luminance and area are varied 


bright as the same area of blue. The law that 
area times intensity is a constant at threshold 
appears related to the proportion of cones to 
nerve fibers.'®* Tests of foveal summation in 
a patient with amblyopia ex anopsia '*” sug 
gest local impairment of brightness diserim 
and intraretinal reflexes, 


ination a finding 


which is against the cortical suppression 
theory 
GLARI 


Tinted glass in automobile windshields ts 
dangerous for night driving. The visual acu 
ity of patients with and without sensitivity to 
glare under simulated night-driving con 
ditions 


tested.'™ 


against oncoming headlight wa 


Measured by the Clason acuity 


meter, average Vision through colorle vila 
was 20/32. This decreased to 20/34 through 
lenses, to 20 


light-yellow 10 through ordi 


nary second-shade pink glasses, to 20/46 


through green windshield glass alone, and to 
20/00 through the vreen windshield and pink 
The acuity wa 


ylasses combined Worse 


those with sensitivity Subject in 


had 


better than average acuity in that part of the 


to glare 


the habit of wearing pink-tinted glasse 


+ Reference 161 and 162 


test. The visibility distance in night driy 
ing’ was reduced by tinted glass 12% at 
2000 ft., and 45% at 100 ft., distance. Ke 
olving power, stereopsis, discrimination of 
angular velocity, simultaneous contrast, et 


are all decreased by tinted vlass 


\mber light is in common use to penetrate 


hoy | ndetr imu! ited driving conditions, 


there was “no evidence of any improvement 


in seeing with yellow light when com 


pared with a white beam ot equal intensi 


1) Yellow glasses may improve chro 


matic aberration and stray light in the eye, 


hut do not improve the visual acurty 


and is 


Ocular stray light is very important." 


interferes considerably with vision, 


counteracted partly by the Stiles-Crawtford 


directional effect. The electroretinogram evi 


dently come from stray light, because 1t 


rake ne difference whether the stimulus 1s 
cirected to the tovea, to the pe riphery, or to 


the dis Why vlare Is 


the visual line of 7 to 8 degrees cannot now 


worst at an angle with 


he explained. Techniques for isolating the 


effects of stray and focused light are de 


erthed 


VISUAI ACUITY 


\n international visual acuity chart ts pro 


posed in which the unit of measurement 
is the “snellen.” The geometric progression 
of the letters would be the same as on the 
present Lancaster card, Snellens from 2 to 
100 would be determined by formula: 
50 times the actual distance divided by the 
distanee a line should be read by the nor 


CVe 


fo answer eriticism about the reliability 


of the Orthorater, Gaordon made photo 


graphic reproductions of the targets to be 


project lon a sereen Phe instrument and 


its replica at distance were compared on 117 


ubyects Retests after two weeks showed 
greater repeatability in the instrument 
Krimsky ''* opposes these instruments vigor 
ously 

Any method which hides the eyes and renders in 


pection impossible is often unreliable 


} References 170 and 171 
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ot the 


phorometet hut ¢ pecially so of the 


ylamorized version of the old hand 
Orthorater and the 


eener, which is of absolutely no clinical 


value 


the 
fully 


\ drum fitted with rings ot 


Objective tests of visual acuity by 


method of optokinetic nystagmus are 
documented 
checkerboard pattern im various sizes to be 
sed one at a rotates from 3.5 to 


expt time, 


15 turns per se ond If the patte ris large 
discriminated, the eyes make 


Phe method can be 


s, and even insect 


enough to be 
involuntary nystagmus 


applied to infants, animal 


Tests of visual acuity in children should 
be made at a reduced distance \n ord 
nary music metronome can be used '** to test 
the visual acuity of intant Phe pendulun 


minute, and is fitted with 
which 


acuity by attracting following movements 


swings 20 times a 


different-sized dises determine the 


Habits of visual acuity and fusion become 


fixed after the age of & years The reterral 


of school children to ophthalmologists is dis 
cussed by questionnaires.” Of the New 
England doctors replying, 62.9% thought 

school nurse could be taught to make routine 
tests for much as 


+-1.75 ot hypermetropia was considered 


hypermetropia \s 


significant in the absence ot heterophe ra 
Phe limits of heterophoria calling for referral 
were placed at 64 horizontal and 2A vertical 
Many of the ophthalmologists tested color v1 
sion and stereopsis routinely in children 


The blurring of vision in multiple sclerosts 


Is partly cue to ose ilopsia, which decreases 


in oblique gaze Deaf children were below 


iverage in the ability to construct figures 


from visual models and had trouble im dis 


tinguishing foreground from backgré und 
In a 


sium on vi ual requirement 


relation to modern travel, Duke 


pots to some 


he logics 


dent. Once i pilot has |e rned to fl he ca 
do without tereops! ind can eve f] ite] 
without foveal vision In high-altitude 


flight or in fog where no object exists to at 


luntarily 


and fail to see an 


tract fixation, the eve mn 


accon 


modate enough to blur, 


— 
not oly 
tereoscope i 
Sight 


) 


object when it does 


yppear. Under such con 


ditions olasses with il EXCESS 


O75) 
phere should be worn 


The distortion from curved windshields 1s 


oticeable, but not dangerous.'™* 


Perhaps 


more my Ortant is 


vibration. The vibration 


of a train was found to be 


approximately 


1.5 mm, at 5 eveles per second This is 
enough to blur vision, cause fatigue, and re 
duce rate 5% 


Kaising the color te mperature of an object 


increases its apparent brightness except in 
older persons.'*° The brightness of ilumina 
tion appears to increase when it flickers off 


ind on 9 to 15 


hartley 


times a second, but thi 


effect” will not improve reading 


under restricted intensity \n automat 


tape recorder makes each stimulus and re 


cords the response tor visual experiments 


VISION MECHIIANISMS 


Of those investigators now revealing the 


intimate physical and chemical details of rod 


ind cone vision, Wald & is 
light 


famous. A greater 


stimulus increases the percentage of 


rhodopsin bleached surprisingly little, while 
it lowers the markedly. In 


in each rod are 18,000,000 


visual sensitivity 
about 1400 lavers 
moles of rhodopsin, each of which can dis 


charge a rod on contact of 1 quantum of light 


If 100 of these layers absorb 1 quantum of 
light each, the threshold would have risen 
ibove absolute threshold about 1400/1400 


100 times. While 1 quantum has a chance 


to discharge a rod, subsequent additional 


quanta have the chance of being absorbed 
1 


uselessly by lavers having already discharged 


Phe rhodopsin-digitonin complex is dis 


ussed and the 


theoretical importance of 


the dichror nature rods, obse rved by 
Schmidt in 1938, 1s cited Spontaneous ¢ 
citation in rods and cones (noise) ts negli 


gible, making vision a stable and repeatable 


phenomenon at threshold \t the absolute 


threshold, so small a percentage of the in 
used that the sensi 


et 


coming photon can be 


tivity maximums are the “noise” limi 


S Reference 1X8 and 189 


An 


tations of the incoming photon 


apparatus to demonstrate quantal fluctuation 


in vision is desertbed.!"* “decision-making” 


theory of visual detection is announced 
Others have shown that at threshold, better 
data on vision can be obtained by the forced 
choice yes or ho 

Various experiments with the Stile 


Crawtord directional sensitivity and the ce 


tection of the plane of polarized light by the 


simple Limulus eye were made.'"* mag 
netic field can stimulate a weak diffuse visual 
sensation, but nothing in the literature 


suggests that a maynetn device could by pa 
an opaque cornea with a useful image 
\ method ot 


tivity by 


testing human visual sensi 


induction of electrical phosphene 
is described, Apphed through eleetrode 


any 


where on the 20 cps will produce the 


most ensation tor the least stimula ny the 


light-adapted normal eve 


COLOK VISTON 


Hardy 


were compared with the Nagel 


lhe new Rand-Rittler Volychro 


Plates ¢ 


anomialoses pe, the Ishihara plate 


worth’s Dichotomous ‘Test (of 150 color 


defective subjects, the Nagel instrument 
scored 98%, the H-R-R Plates 97%, and the 
Ishihara plate 74% 
should be done on 
of 13 In a 


LOOO) Bahutu 


Routine color tests 
chool children at the age 
1000 and 


i 


deficiencie 


group ol Batutsi 


native tested on the | 


had 
Mentally disturbed patient 


plates, only color 


fail isochro 


matic color test temporarily 


Seasonal variations in color vision 


were 


explained by variation mm Vitamin ¢ in 


take Color vision improves at an altitude 


of 2000 to BO00 meter decrease 


but then 


due to anoxia Cider people lose 


ome color 


ensitivity except for red Minor blue 
vellow — blindne probably not © 
linked (senetic studs uvvest four retinal 
color receptor 
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| 
F 
References 19% and 199 
References 200 and 201 
903 


‘Two sets of three laminae each in the lat 
eral geniculate body appear not to have any 


color function on the basis of studies of the 


monkey and the cat The cat is completely 


color-blind but has well-developed lam 


considerably in ability to 


match and differentiate colors.# 


Persons vary 
A violet re 
ceptor has been identified in human color 
* Dark 


after exposure of the e 


vision adaptation curves were taken 
ve to one of the various 
When a. violet-stimulus threshold 


target was used, a 


‘ olor 
sensitivity peak occurred 


in two to three minutes’ adaptation, which 


was present in both protanopes and deutera 
nopes. Adaptation to a given hue decreases 
the luminosity curve in the part of the spec 
trum represented by that hue Red and 
isolated by 


testing visual acuity of colored gratings on 


green retinal mechanisms were 


a background of another color.*’® Blue could 
he distinguished from rod thresholds. The 
red and green receptors may use the midget 
bipolar and midget ganglion cells in the ret 
ina, while blue receptors discharge through 
flat or brush bipolars. Visual acuity in blue 
light is less than that in equal red or green 
light 

The Fechner patterns are attracting the at 
tention of psychiatrists as a by-product of 
photic driving in diagnosis and treatment. 
“17 said the 


surnham dramatic, unearthly 


bright-colored patterns were best at 40 
flashes per second and disappear in monocu 
With either the sector dise or the 


apparatus, 


lar vision. 
electronic flash photo-driving 
Ulett and I cannot confirm this. The Fechner 
colors and patterns appear best between 9 
and 16 flashes per second, Occlusion of one 
eye completely will change the pattern and 
color, but will not erase it 


Color sensation partly stimulation and 


partly inhibition or masking Color and 
ire qualities of the same receptor, 


W hile 
light on a target is changed gradually from 


brightness 
but take different paths to the cortex 


red to green, the sensation ts abrupt, due to 
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the sudden shift to red inhibition, .A similar 
change from blue to green does not give the 
sudden subjective difference because blue ex 
cites the red receptors, which, in turn, in 


hibit the green 


Total color blindness may be retrobulbar,”” 


since red sensitivity is higher in cone mono 


chromats than in protanopes, and in view ot 
the Kincham color-fringe accommodation ex 


Normal eyes 


for a target illuminated by a yellow consisting 


periment accommodated more 
of mixed red and green than for a pure yel 
low. The subjective color sensation was iden 
tical. Three total cone monochromats who 
were tested showed the same reaction, al 
though red-green blind subjects were quite 
ditferent 

Many cases of congenital] hereditary achro 


These 


match colors only in the gray 


matopsia are reported.* patients can 
series. They 
have poor central vision, which improves in 
dim illumination. There is no Purkinje shift 
There is photophobia, a slow pupillary light 
reflex, and a fine pendular horizontal nys 
tagmus, which disappears gradually by the 


ave of 30. The fovea is absent or defective 


FOVEAL ENTOPTIC PHENOMENA 
Kntoptic phenomena which fascinated the 
early writers are 
W. R. Miles ? 


covery of his spot in 1856: “The most con 


again exciting attention 


* quotes Maxwell on his dis 
venient method of observing the spot is by 
presenting the eye in not too rapid succes 
sion, blue and yellow glasses.”’ By alternation 
of a dark-purple and a neutral gray filter, the 
entoptic spot provides a measure of foveal 
size. Of 20 normal observers, 19 were able 
to see Maxwell's spot, but it is quite subjec 
tive and variable. 

The Haidinger brush phenomenon is dis 
cussed * and theories developed involving 
polarized macular pigment and local adapta 
tion. Tests of Maxwell's spot and Haidinger 


brushes were made in 45 patients with glau 


coma.*** Evidently a central visual acuity of 


20/200 with best correction or better is re 


. Reterences 219 through 221 
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quired tor these phenomena. A person with 
cataract must see 6/30 or better to be capable 
of observing Haidinger brushes lo see 
Maxwell's 


green vision 


spot, one must have good red 
Children will not see the phe 
nomena unless they have unusual powers of 
Minimal 


like edema, he morrhage, c <udate, orcyst will 


observation 


macular conditions, 


interfere 
PERIPHERAL VISION 
field 


‘lish neurologist.27" 


\ fresh approach visual 


testing 


comes trom an 


ripheral retina was tested with tachistosc: pu 


exposures of two white targets against black 
to discriminate “one” or “two.” He alse 
found that testing retinal adaptation time 


with a stopwatch would frequently give valu 


able information out to about 30 degree 


The etfect on visual fields of corrective 
Speclac le lense was le than expected 
The increase in retinal image size without 


glasses may partly neutralize the decrease in 


brightness and contrast. An objective method 


of perimetry was described using optoki 


netic nystagmus 


Visual field 


ered.**” The pattern is exposed for a moment, 


screening tests were consid 


and an incomplete description from the pa 
Walls 


warns that defects in perception of a pattern 


tient indicates further testing 


may not be detected because of “filling in.” 
some Mariotte 
first deseribed the blind spot, he 


persons refused to believe 
when he 
cause when they looked at a horizontal wire, 
they could see no break where the blind spot 
should be in monocular vision 


DARK ADAPTATION 


Three new methods of testing dark adap 
this One has 


targets illuminated by radium paint, in which 


tation were described year 


the patient is to arrange small cylinders im 


order of their brightness \ device for 


testing soldiers is practically self-operating 
The subject sees gray contrast patterns and 
turns a handle to keep them equally bright 
xposed sec 


as they are « nd each two see 


onds during dark adaptation 


Phe position 


of the handle prints the curve on a rotating 


drum he adaptometer — of 
Rieken-Meesman is described 


projection 


Phe reiiability of dark-adaptation tests in 
the Heecht-Schlaet 
+ log units 
tor 1] 


instrument within 
lor two subjects tested repeated], 


months.F 


Wats 


Dark adaptation is not only 


chemical but nervous, since it depends on 


the size of foveal targets at threshold Phi 
summation others 


effect was contirmed by 


Dark adaptati no is more rapid complete 


darkne than in yradually increasing dark 
ne Ioxperiment how interaction and 
tnmation ubliminal retinal 
grouped at intervals im time space,** 
Phe relate of intensity discrimination 
thresholds, the ERG b-wave. and dark adap 
tation is discussed 


Dark ad iptation can he nuproved by intra 


muscular carcholin.2** The law that area time 


intensity tor threshold stimuli remains a con 


stant apples also to peripheral retina in dark 


aday tation 


PLICKER FUSION THRESHOLDS 


Macular flicker fusion tests were made in 


patients with glaucoma, arteriosclerosis. 
retrobulbar neuritis, and the like. Nerve de 
lects appeared to reduce flicker fusion rates 


more than retinal lesions.** 


\ comparison of flicker fusion fields with 
standard field technique was made in 90 pa 
tients.**° The flicker fusion method was found 
more revealing in 12 cases, equal in 66 cases, 


and inferior in 12 cases 


The flicker target 
excelled for comparing nasal with temporal 
retinal sensitivity, but might miss a 


scotoma of 


small 
The 
found poor repeatability outside the 
30-degree circle 
by Weekers in the region outside 30 degree 
by enlarging the 


small notch in an isopter 


author 


Better results were obtained 


target for that part of the 


held 
The flicker fusion threshold is the “most 
reliable neurological test to detect the acute 
effect of a dose of barbiturate.""*" The flicker 
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licker 


fusion perimetry isa useful office procedure 


fusion rate decreases about 10% 


in patients with glaucoma and neuro-ophthal 
mological diseases.**’ 

\ flicker instrument can be built for about 
$65,**" but the Strobotac is the only accurate 
and permanent device | have seen which ts 


suitable for office use. Some projection per 


imeters can be adapted for flicker tusion.**” 
The l-meter wire perimeter works very 
well.2°° The flicker end point can he checked 
with an oscilloscope 

Flicker fusion thresholds can be used to 


predict the severity of eclampsia Smoking 
a cigarette will lower the flicker fusion rate 
in most subjects.2°* Alcohol and hypoxia to 
gether reduce flicker fusion rate more than 
either alone.2“* Some persons show a small 
diurnal variation in flicker fusion rate which 
depends on the basal metabolic 
Landis has reviewed physiological studies 


of flicker fusion phenomena. 


ELECTRORETINOGRAPHY 


\ great deal of attention has been given to 
electroretinography, and it may develop into 
a valuable objective test of visual function 
Many clinical studies of the ERG were 
made.§ At present, it is disconcerting to 
find a normal ERG in a blind eye, as occurs 
in diseases central to the rod and cone layer 
On the other hand, the ERG may be ex 
tinguished in a functioning eye in early reti 
nitis pigmentosa. Diseases which intertere 
with the nutrition depress the ERG 

For physiological studies, the ERG and 
electroencephalography proved valuable 
measure of the time between a stimulus, ret 
inal response, geniculate response, and cot 
tical response In congenital total color 
blindness, there was absence of the x-wave, 
a diminished a-wave, and a moderately di 


Toida 


thought a series of ripples in the d-wave 


minished b-wave Goto and 


indicated color response, but Armington * 


refuted any such idea. Interesting results 
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were obtained by exposing the macula to one 
color, then making an ERG from a flash ot 
another color.£ Adaptation to red fatigued 
the cones and reduced the wave, while 
adaptation to blue fatigued rods and reduced 
the b-wave 

Typical dark-adaptation curves can be 
made using the b-wave amplitude. # Flicker 
fusion tests are valuable in driving the 
ERG Some use an oscilloscope and ky 
mograph camera for the ERG This ts 
more sensitive than the ink-writing enceph 
alograph, which most men are using, but it 


is less convenient. Burian improved the 
contact lens electrode and reports a de 
pression of the alpha rhythm upon stimula- 
tion of an amblyopic eye. There was weaker 
photic driving when the amblyopic eye was 
stimulated than when its normal fellow was 


stimuated 


\nimals treated with sodium iodate or 
sodium azide show selective destruction of 
the rods, cones, and pigment epithelium.*™ 
Results in the ERG indicated that a- and 
b-waves originate from the inner retinal 
layers, including the outer plexiform layer 
The c-wave originates in the rod and cone 
layer, but is delayed because the impulse de 
tours through the pigment epithelium, The 
ERG is advised to distinguish retinitis pig 
mentosa from similar disseminated chorot 


ditis 


Human perimetry with the I-RG remains 
in the future, since the response 1s to stray, 
and not to focused light. Photic driving was 
said to be best with a blue target of 
SO it-« 


anesthetized or mentally impaired patients 


Photic driving is more definite in 


Lesions of the eves or visual pathways will 
interfere with photic driving, but ablation of 
the temporal lobes will improve it. Photi 
driving will increase abnormal brain waves 
and facilitate diagnosis. Subjective bright 
ness of the flickering light is greatest at the 
frequency which drives best, usually at the 


alpha rhythm 
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252. Garner, L. I Cari, E. | and 


Grossman 
| | Effect of Cigarette Smoking on I licker 
Fusion Threshold, A. M. A. Arch. Ophth, 51:642- 
655, 1954 
253. Rokseth, R., and Lorentzen, F. (Combined 
Effect of Alcohol and Hypoxia on Flicker Fusion 
Frequency, J. Appl. Physiol. 6:559-565, 1954 
254. Landis, C., and Hamwi, | i ffect of Cer 
tain Physiological Determinants on the Flicker 
Fusion Threshold, J. Appl. Physiol. 6: 566-572, 1954 
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Flicker-Fusion Threshold, Physiol. Rev. 34:259- tive Adaptation of Components of the Human 
286. 1954 Retinogram, J. Optic. Soc. America 44:779-786, 
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tionspotentiale bei Lichtreizung  (retino-corticale 
Zeit), Arch. ges. Physiol. 266:231-240, 1954 509-524, 1954 
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EFFECTS OF ILLUMINATION AND SLEEP ON ELECTRO-OCULOGRAM 


lo the I:ditor In his paper entitled “Etfects of Hlumination and Sleep upon 

. \mplitude of Eleetro-Oculogram,” published in the April, 1955, issue of the 
\rconives, page 542, Aserinsky refers to a paper entitled “Study of Ocular Move 

ments Under Stress,” by K. Lion and R. Brockhurst, which appeared in the 

\RCHIVES (46:315-318, 1951). He states that a plausible explanation for the 

observed reduction of electro-oculogram amplitudes 


after stress might be 
that the I. C. potential of the eye was changed by, or during, the expermental 
procedure, rather than by a decreased excursion of the eyeball, as Lion and 
Brockhurst suggested. This new explanation ts based upon the author's observation 
that after 5 to 15 minutes of dark adaptation the amplitudes decreased, whereas 
after light adaptation for 3 to 4 minutes the amplitudes increased, The possibility 
of a metabolic change affecting the amplitudes of the OG is suggested 

In the paper by Lion and Brockhurst, it was stated, on page 318, that within 
20 to 30 seconds after the stress test was terminated all subjects showed normal 
ability to fixate accurately. The amplitudes were then of the same magnitude as 
at the beginning of the stress test 


Thus, the increase in amplitude occurred much 
sooner than the increase which follows light adaptation 


Thus it does not seem that this new information concerning the amplitudes of 
the LOG ts applicable, or contradictory, to the conclusions suggested by Laon and 
Brockhurst relative to the eye movements atter stre 


kk. |. Brockuursr, M.D 
62 Basset St 


I.ynn, Mass 


THE CINCH OPERATION 


To the kditor My last paper on the cinch operation appeared in the 1930 
Transactions of the Pacific Coast Oto-Ophthalmological Society, 25 years ago 
Since then | have made a number of changes in its technique. Anyone interested 
in learning what these changes are should communicate with me, and | will be glad 
to furnish the desired information 


Ropertc O'CONNOR, MD) 
$11 30th St 


Oakland 9, Cali 
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Society Transactions 


COLLEGE OF PHYSICIANS OF PHILADELPHIA, SECTION ON OPHTHALMOLOGY 


Edmund B. Spaeth, M.D., Chairman 
William E. Krewson 3rd, M.D., Clerk 
Regular Meeting, Feb. 17, 1955 


Ocular Toxoplasmosis: Clinical and Experimental Observations. |)ke. Mictari 
J. LloGan, San Francisco 


\spects of the clinical and laboratory findings in congenital and acquired ocular 
toxoplasmosis are presented 

Congenital toxoplasmosis is associated with chorioretinitis in 80% of cases. One 
or both eyes may be affected and single or multiple lesions may develop. ‘The acute 
inflammation may be present prior to or at birth, or may develop in the neonatal 
period, Occasional patients develop the initial ocular inflammation any time within 
the first year after birth. The disease may follow several courses in these patients 

1. Complete quiescence after healing throughout the patient's life 

2. Relapse of a previously healed chorioretinitis as long as 4 to 25 years after 
the initial disease. 

The diagnosis of an acute case in the newborn presents no difficulty. A com 
bination of central nervous system disease, visceral disease, and chorioretinitis, 
along with a positive methylene blue dye test and complement fixation test, usually 
is sufficient. Organisms can be isolated from body fluids or tissue in some cases 
In late infancy and early childhood the sequelae of the congenital infection appear, 
namely, hydrocephalus, deviations of the eye, hydrocephalus, and mental retardation 

The methylene blue dye test and complement fixation test are of value in helping 
to diagnose the disease in the first five years of life. After this time the antibody 
levels drop and most diagnoses are presumptive. Relapse of the chorioretinitis 
does not seem to affect the dye-test titer 

In the normal population the incidence of positive dye tests varies from age 
group to age group (being low in the young and the old and highest in the middle 
age groups), In various sections of the country, and in various parts of the world 
The general incidence of about 40% of positive dye tests in the general adult 
population in this country makes the diagnosis of toxoplasmosis of the eye extremely 
diffieult. Unless high titers are present (1: 1024 or more), or a fourfold increase 
or decrease im titer occurs on serial testing, one is not justified in making a pre 
sumptive diagnosis. Most uveitis cases have titers of a low level (1:16 to 1: 256), 
and in such cases one cannot place much value on the serologic result. Since the 
methylene blue dye test is expensive to run, and many aspects of its use and 
interpretation have not been elucidated, it is not as yet recommended as a routine 
procedure for the diagnosis of uveitis cases. 

The complement fixation test has little value at the present time in the diagnosis 
of ocular toxoplasmosis 

Skin-testing antigens are of value only for population surveys, and provide 
little evidence as to the causation in an individual case of uveitis. Most uveitis 
cases with positive skin tests have dye-test antibodies in the serum in low titer, 
but the skin test provides no information as to the level of antibody ; therefore, 
it is unsatisfactory for diagnosis. Also, a negative skin test is of no value because 
a fair percentage of patients have positive dye tests and negative skin tests. Skin 
testing antigens also require standardization 

The chorioretinitis of ocular toxoplasmosis is not different from that due to 
other causes, although most lesions are large, produce heavy vitreous opacification, 
and tend to recur. 

The results of testing 644 patients with various types of uveitis indicate that 
the incidence of positive dye tests is higher (60% ) in the O to 20 age group than in 
the 20 to 50 (30% ) and 50 to 70 (20% ) age groups. A correlation was obtained 
between the severity of the chorioretinitis and the presence of a higher dye-test titer 
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(one patient had bilateral chorioretinitis and a dye-test titer of 1 
after an acute systemic disease 


30,000 nine months 


Patients with chorioretinitis had a much higher incidence of positive dye test 
(48%) than those with iridocyclitis (23%). Among a miscellaneous group ot 
106 patients were 12 with optic neuritis who had low or negative dye tests. All 
the others, which included cases of scleritis and eptscleritis, 


retinal periphlebitis, 
disease, and Coats’s disease 


, showed no serologic evidence of toxoplasmost 
\queous humor dye tests were found to be of no value in the diagnosis of ocular 
toxoplasmosis 
\ group of patients having suspected ocular toxoplasmosis were treated with 
pyrimethamine (Daraprim), 25 mg. t. 1. d., and sulfadiazine, 1 gm. q. i. d. Thi 
treatment, when carried out for three to four weeks, did not seem to atfect the 
inflammatory foci. This result is not surprising, however, when one considers the 
nature of the parasite and its intracellular localization 
DISCUSSION 


Dr. G. Dr. Hogan, of what value is the methylene blue dye 


test in mothers? From a practical standpoint, how far should any practitioner 
go in studying patients for toxoplasmosis 7 


Dkr. Micnarn J. HoGan, San Francisco: | think the methylene blue test on 
mothers is of importance only in helping the person who is investigating toxoplas 
mosis. If the infant’s test is positive, the mother’s test almost certainly will be 
positive, but usually not in as high a titer; so it really is not essential to have a dye 
test on the mother 

| selected this discussion for tonight because [| think we should attempt to 
survey cases of uveitis as we have always done, employing the means we have at 
hand. As regards toxoplasmosis, it is very well to perform a skin test, provided 
the physician keeps his tongue in his cheek and does not place too much emphasi 
on the result, except in the case of a negative test. I do not think that one should 
request laboratories or the public health service to perform routine methylene blue 
dye tests on patients with uveitis, for the reason that the result of a single test i 
of no value and it is impossible at present for any laboratory to carry out serial 
tests on patients with chorioretinitis. Therefore, | should be content with ruling 
out all other possible causes of uveitis; and if the results were negative, and if 
the patient had findings of what I thought were possible chorioretinal lesions of 
toxoplasmosis, | would consider treatment with pyrimethamine and sulfadiazine 
and would watch the lesion very closely. It is possible to give a smaller amount 
of pyrimethamine in a dose of 25 mg. twice a week plus sulfadiazine, 2 gm. a day, 
over a 15- to 30-day period. This regimen might prevent the escape of organism 
from cells and their proliferation in the extracellular tissues, and therefore favor 
gradual healing of the disease. | think that would be the next step in our investiga 
tions. It would be much safer from the standpoint of the patient, too; but at 
present I do not think we should encourage routine testing of sera, Our experience, 
as presented here, demonstrates the inadequacies in the diagnosis of this disease 

Dr. W. O. LaMorre: Is there any evidence that the performance of skin test: 
affects in any way the positivity of a subsequently performed methylene blue 
dye test 7 

De. Micuarrt J. HoGan, San Francisco: There is a variation of opinion on 
this point. Some observers feel that the skin test results in positive dye tests, and 
others feel that the opposite 1s so. Therefore it is all right to skin-test if you wish 
a dye test on a patient. If one does a skin test, and then takes serum any time 
within the subsequent 48-hour period, the test will not affect the serum antibody 
level, After the 48-hour period, when the skin test becomes positive, the serum 
antibody may rise. This point needs further clarification 

Dr. Invinc H. Leopotp: Have the titers been correlated among the different 
laboratories, and is there any practical significance of serum neutralization? | 
the neutralization test used at all any longer? 

Dr. Micuarr |. HoGan, San Francisco 


The rabbit neutralization test is not 


done any more, so far as | know. We gave it up quite a while ago because 


we 
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found that we could produce a positive test, depending on the part of the rabbit's 
back in which we injected the antigen There is fairly good correlation among 
various laboratories, and we have checked our results with several groups. Ther 
is not too much difference in the outcome of the results of most ot the testing that 
has been done. We have found that our results are reproducible on the same sera 
Our results with experimental intection have also been satistactory 


QUESTION FROM THE CHAIR: Can the average clinical laboratory do this test ? 


De. Micuaer |. Hocan, San Francisco No, the test is rathet complicated 


It is not an easy test to do and is fraught with some danger. One has to handle 


live organisms, and Toxoplasma ts one which is not safe to be careless with Four 
laboratory technicians whom | know of have acquired acute toxoplasmosts alter 
the handling of organisms. Some deaths have occurred 


lhe test also is fairly expensive, and the average laboratory would not find 
it practical to run a few tests. Therefore | think it not a test which can be run 
by the average laboratory. If some ot you feel that vou wish to have it done, 1 
might be advisable to get your state public health laboratory to set up tests for 
your own particular area We have been willing to test sera tor physicians who 
end them in suspected cases, and we get a la number of sera from patients with 
degenerative diseases We have been testing sera sent by mail and have found 11 
impractical; so we try to discourage the testing of sera except on patients with 
active and progressive chorioretinmitts 

De Agruur H. Keeney: How early in lite can calcifications be found im toxo 
plasmosis, and do calcifications ever occur in adult toxoplasmosis affecting a 
laboratory worker ? 

De. Micuagrr J. HoGan, San Francisco: One laboratory worker who died 
had toxoplasmosis with involvement of the viscera, brain, lungs, liver, and spleen 
fhe disease progressed so rapidly that the patient died betore degenerative changes 
occurred in the brain Calcifications in children can develop fairly quickly-—| 
should say in one to two months. In some ot the children who develop the disease 
prior to birth the calcifications are already present at birth. In those children 
who developed the disease one month after birth, a caleihcation usually can be 
found at the second to the third month. Calcification is not an important sign 
of adult acquired toxoplasmosis 

De. KH. Hevor, Jenkintown, Pa.: Do any spec ial precautions have to be taken 
in the collection of blood specimens ind in their shipment to the laboratories tor 


examination 

De. Micnart J. HoGan, San Francisco: Whole blood ts collected and allowed 
to clot. The separated serum can be placed in a Wassermann tube and sealed by 
flame. It can then be shipped by ordinary mail or by airmail, and does not have 
to be registered. We usually add a little thimerosal (Merthiolate) when we ship, 
but if the serum is handled carefully and put in sterile Wassermann tubes, there 
is very little danger of contamination 

Question: When one ts confronted with a case of toxoplasmosis, can one 
usually obtain a history of any systerne disease compatible with toxoplasmosis 
which might have been acquired in adult life? 

Dre. J. HoGcan, San Francisco: Usually not. [t 1s untortunate that 
so far no one has been able to uncover any transmitting agent which is common 
in all mothers who have given toxoplasmosis to children. A few mothers have been 
exposed to cats or dogs, and the dogs were said to have sickened and died during 
the course of pregnancy. We know the disease can exist in dogs, and it is possible 
that in some way infected household animals ot nearby pets may make it possible 
for the disease to be transmitted to the atfected mother fhe mother, strangely, 
never shows evidence of the illness during the course ot her pregnancy 

De. Wiuitam T. Hunt: Has toxoplasmosis ever been found in a child ¢ 

De. Micuare J. Hocan, San Franetsco In only one case that | know ot 
Dr. Arlington Krause, of Chicago, described it to me personally. The mother gave 
birth to two consecutive children with toxoplasmosis 
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1910-1954 


ville. N. Y.. at the age of 44. He was born in Providence, Ik 


the Moses Brown School and Brown University. He was 


and graduated in 1933. His medical education was at Yale School of Medicine, and 
he 


elected to Phi Peta Kappa 


ROBERT RHODES CHACE, MD. 


where he attended 


his early interest in ophthalmology was shown by his publishing a paper upon ¢ 


Grafted Eve and the Regeneration of the Lens im \mphibians” 


graduate and his selection of a similar subject tor his thes 


\fter his graduation from medical school, in 1937, he 


Rhode Island Hospital, then a residency at the Institut 


York, and he received the degree of Doctor ot Medic: 


served an internship at the 


for hi 


while 


Om Nov. 24, 1954, Dr. Robert Rhodes Chace died suddenly at his home in Bronx 


an under 


medical degree 


| 


Irom 


Columbia 


University in 1943. He joined the staff of the Institute ot Ophthalmology a \ 


tant Ophthalmologist and Instructor in Ophthalmology of Columbia University 
of the 


College of Physicians and Surgeons. He was also on the 


pital, Bronxvalle He was the author of articles on physiological optics 


ophthalmology, and the testing of color viston and for malingering 


Law 


Hle was consultant to the division ot vocational rehabilitation of the 


State Department of | dueation. Dr. Cnace enjoyed teaching and w 


regard by those whe had attended hi lectures 


Hle was certified by the American Board of ¢ phthalmologs and 


i! \cademy ot ¢ phthalmole gy and Otolarynge le vy 


\ssociation for Research in Ophthalmology, the We 


Society, the Medical Society of the State of New York 


\ssax lation 


a Fellow of the 


\merican College of Surgeons, the New York \cademy of Medicine, and the Ameri 


rence 


New York 
held high 


al 


Ile was a member of the 
tchester County Medical 
and the American Medical 
Joun P. Macnit 
J. VINCENT FLACK 


a 
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GENERAL NEWS 


National Council to Combat Blindness, Inc.| he National Council to Combat 
Blindness, Ine., has added to its research program the financing of summer fellow 
ships initiated by its Scientific Advisory Committee as a stimulus to the development 
of ophthalmic investigators. All applicants for fellowships are required to make 
their own arrangements for suitable research facilities with accredited institutions 

Ihe National Council to Combat Blindness Grants-in-Aid and Fellowship 
awards for the fiseal year 1954-1955, as approved by its Scientific Advisory 
Committee are 

Retina Foundation, Boston; Endre A. Balazs, M.D. ($4,000): Synthesis of Hya 
luronic Acid in the Vitreous Body of Embryos and Young Animals 

University Hospitals, State University of lowa; Hermann M. Burian, M.D 
($2,000): Temporal Relationships of Electric Responses and Chronaxie of Human 
Retina (Continuation) 

Ohio State University, College of Veterinary Medicine; Clarence R. Cole, D.V.M. 
($2,000) > Ocular Toxoplasmosis in Domestic Animal 

University of Buffalo Medical School; Angelos N. Dellaporta, M.D. ($2,000) 
Pathological Studies on Experimental Retinal Detachment 

Ohio State University, Department of Optometry; Vincent J. Ellerbrock, Ph.D 
($960): Compilation of a Volume on Research in Subnormal Vision, Including Evalu 
ation of All Aids 

Che Presbyterian Hospital Medical Center, Institute of Ophthalmology, New York; 
William G. Everett, M.D. ($250): Mensuration of the Human Eye by X-Ray and the 
Relation of Measurements to Pathologic States (Continuation) 

New York Eye and Ear Infirmary; Bernard Goldberg, M.D.; Ralph Levene, M.D.; 
Gerald Kara, M.D. ($1,000): The Possible Role of Hyperestrinism in the Pathogenesis 
of Retrolental Fibroplasia (Continuation ) 

Wills Eye Hospital, Philadelphia; Harry Green, Ph.D.; Irving H. Leopold, M.D 
($3,000): Lens Metabolism and Cataract Formation (Continuation) 

New York Eye and Far Infirmary; Jerry Hart Jacobson, M.D. ($2,400): Electr: 
retinography in Retinal Diseases 

University of California Medical Center, San Francisco; Samuel J. Kimura, M.D 
($1,200): Study of Keratitis Sicea and Sjogren's Syndrome 

University Hospitals, State University of lowa; P. J. Leinfelder, M.D. ($1,500) 
Effect of Change in pH in the Aqueous on Metabolism of the Lens and Cornea 

Government Hospital, Haifa, Israel; 1. C. Michaelson, M.D. ($2,800): New Vessel 
Growth in the Eye, Particularly in the Retina and Cornea (Continuation ) 

Kumamoto University Medical School, Japan; Yukihiko Mitsui, M.D. ($2,650) 
Cultivation of Trachoma Virus in Cultivated Human Conjunctival Epithelium by Roller 
Tube 

Ziva Gin Institute for Research in Trachoma, University of Istanbul, Turkey; 
F. Necdet Sezer, M.D. ($2,000): Cultivation of Trachoma Virus (Continuation) 

Institute of Ophthalmology, Columbia University; George K. Smelzer, Ph.D 
($1,200): Investigation of Experimentally Produced Exophthalmos 

Royal College of Surgeons and the Royal Eye Hospital, London; Arnold Sorsby, 
M.D. ($3,000): The Biochemistry of Hereditary Retinal Lesions 

Manhattan Eye, Ear and Throat Hospital, New York; C. C. Teng, M.D. ($2,500) 
Optic Nerve Study 

College of Physicians and Surgeons, Columbia University ; Ludwig von Sallmann, 
M.D. ($1,000): Clinical and Experimental Studies in the Distribution of P** in Tumors 
of the Kye 
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NEWS AND COMMENI 


Serologic, Myocologi Virologic, and 


Ph.D. ($3,000): Photoreceptor Structures 


to Robert K. Abraham, M.D. Dr 
College of Medicine, 
and completed one 


He 1s 


Council Fellow, Dr 


year 
Wayne 


a resident of University 


1 London, under the supervision of Si 
M.R.C.S., in a project study concerned with the research 
Phe Council’s Scientific 
and now includes: 
James H. Allen, M.D... Chief 
Department of Ophthalmology 
fulane University ot 
Louisiana School of Medicine 
New Orlean 
Alson FE. Braley, M.D., Director 
Department of Ophthalmology 
University Hospitals 
State University of lowa College ot Medicine 
lowa City 
Arthur G. DeVoe, M.D., Chief 
Department of Ophthalmology 
New York University-Bellevue Medical Center 
New York 
Louis B. Flexner, M.D 
Professor of Anatomy 
University of Pennsylvania School of Medicins 
Philadelphia 
Dan M. Gordon, M.D 
Assistant Professor of Clinical Surgery 
Department of Ophthalmology 
New York Hospital, Cornell Medical Center 
New York 
Charles Haig, Ph.D., Professor 
Department of Physiology and Pharmacology 
New York Medical College, Flower and 
Fifth Avenue Hospitals 
New York 
t Michael J. Hogan, M.D 
Professor of Ophthalmology 
University of California School of Medicine 
San Francisco 


Peter C. Kronfeld, M.D 
Professor of Ophthalmology 


University of College of Medicine 


Chicago 

\ FEF. Maumenee, M.D., Chief 

Division of Ophthalmology 

School of Medicine 


Stanford University 


San Francisco 


Albert Einstein Medical Center, Philadelphia ; Charles Weiss, M.D., Ph.D 
Exhibit on “Laboratory Aids in the Diagnosis of Infections of the Eye" 
Parasitolog 
national Congress of Clinical Pathologists, Washington, 1). ¢ 


Eye and Ear Hospital, University of Pittsburgh Medical Center ; 


Abraham is a graduate of the 
spent three months at Johns Hopkins, under Frank B. Walsh, M.D., 
as a Fellow-in-Ophthalmology at the 


(Graduate 


($200) 


( Bactertologic, 


Procedures), shown at the Inter 
Sept. 6-11, 1954 
lerome |. Wolken, 


\ National Council to Combat Blindness full-time re search fellowship has been awarded 


University of [linots 


Institute 
National 


Kresge lve 


Medicine \s a 


School of 


Abraham will spend six months at the Institute of Ophthalmology, 


Stewart 


Elder and Ashton, 


techniques in glaucoma, the 


Duke Norman 


remaining six months to be spent at an accredited institution in the U.S 


Advisory Committee has been enlarged to 16 members, 


M.D) 
Professor of Biochemistry 
College of 


Karl Meyer, 
\ssociats 
Physicians 


Columbia University 


and Surgeons 


New York 
Stuart Mudd, M.D 
Professor of Microbiology 


University of Pennsylvania 


Philadelphia 


Charles A M.D) 


\ssociate Clinical Profes 


Perera, 
sor of Ophthalmology 
Columbia University College of Physicians 
and Surgeons 


New York 
Ph.D 


Department of Psychology 


Lorrin A. Riggs, Protessor 


Brown University 


Providence, R. I 

M.D 

Assistant Clinical Professor of Ophthalmology 
New York Medical College, Flower and Fifth 
Hospital 

York 

Kenneth ¢ Chief 

Department of Ophthalmology 


Samuel L.. Saltzman, 


4 
\venue 


New 


Swan 


University of Oregon Medical School 
Portland, Ore 


Phillip M.D 


Professor of Ophthalmology 


Thygeson, 


University of California School of Medicine 
San rancisco 

Leopold, M.D 

Director of Research & Attending Surgeon 
Wills Eye Hospital 

1601 Spring Garden St 


Philadelphia 


Irving H 


. 
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ANNOUNCEMENTS 


Appointment of Dr. Ludwig von Sallmann to National Institute of Neuro- 
logical Diseases and Blindness.—Dr. Ludwig von Sallmann, Professor of 
Ophthalmology at Columbia University College of Vhysicians and Surgeons, 
and Attending Ophthalmologist at the New York Presbyterian Hospital, will 
joi the National Institute of Neurological Diseases and Blindness, Public Health 
service, Bethesda, Md., as Visiting Scientist, on Aug. 1, 1955, in order to direct 
and expand its eye research program at the Clinical Center. Dr. von Sallmann 
will continue his studies there on ocular neurophysiology and ocular pharma 
cology and is now actively recruiting a research staff for these and other 
Investigations 


Executive Committee of the Section on Ophthalmology, American Medical 
Association.—The [-xecutive Committee of the Section on Ophthalmology is 


calling a meeting to discuss certain phases of ophthalmological practice, to be 
held in the St. Dennis Room of the Dennis Hotel in Atlantic City at 8:00 p. m., 
June 7, 1955. All ophthalmologists are invited to attend 
Haroip G. M.D 
secretary 


Section on Ophthalmology 
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Books 


The Study of the Brain. liy Ilyman S Rubinstein. Price, $9.50. Pp. 209, with 


93 illustrations and 44 plates. Grune & Stratton, Ine., 381 Fourth Ave 
New York 16, 1953 


Ome of the chief difficulties in teaching neuro-ophthalmology to residents ts 
their paucity of knowledge of the anatomy of the brain and spinal cord. “Topical 
diagnosis depends upon a complete familiarity with nerve pathways subserving 
particular functions; for example, the detection of an internuclear paralysis pin 
points the lesion to a space of approximately 0.5 em, in the brain stem. Itis urgent, 
therefore, that all those who expect to familiarize themselves with neuro ophthal 
mology shall be well founded in neuroanatomy, or at least those parts which apply 
particularly to the eye In 1947 Rubenstein and Davis published an excellent 
stereoscopic atlas of neuroanatomy (New York, Grune & Stratton, Ine.). “The 
present text is a companion text to this stereoscopic atlas, but is complete in itsell 
ince the key drawings of the “Atlas” have been included 


Designed primarily for the student beginning his study of neuroanatomy, 
Chapter I is a dissecting manual, outlining the steps necessary to expose th 
various desired details. The rest of the text deals with the structure of the cerebrum 


and cord, largely from the point of view of function. It ts an excellent text for 
anyone desirous of reviewing his neuroanatomy, and should certainly be meluded 
with any well-stocked ophthalmological library 


Atlas—Diseases of the Eye. Section |. l’repared by the Medical Illustration 
Department, Institute of Ophthalmology, in association with Moorteld 
Westminster & Central Eye Hospital, London, Roche Products, Ltd., 1955 


Phis “Atlas,” published by Roche Products, Ltd., a pharmaceutical firm in 
England, is to appear in six sections. Section | presents the fundus in systemu 
disease his volume consists of 32 beautiful fundus drawings, all but one im color 


Phe subjects illustrated are the normal fundus, the changes in arteriosclerosis and 
hypertension, diabetic retinopathy, arterial and venous occlusion retinal pert 


vasculitis, the retinopathy of pregnancy, renal retinopathy, the retina m= perniciou 
anemia, and leukemic changes in the retina. ‘This is a valuable atlas for teaching 
purpose Phese “Atlases” are distributed without charge, and probably can be 
obtained by contacting the Roche Products representative in the United State 


Medical Progress—1955. Iidited by Morris Fishbein. [rice, $5.00. Ip. 346 


Phis volume is the third in a series which began in 1953. leach chapter covet 


a division of medicine or surgery The chapter on ophthalmology wa prepared 


° by Dr. Manuel L. Stillerman, and consists of nine pages, dealing with retrolental 
fibroplasia, infantile glaucoma, the use of acetazoleamide (Diamox) in glaucoma, 
and radtoctive pho phorus in the detection of intraocular cancet \ithough Dr 

? Stillerman has prepared his summaries well, they are so re tricted im scope that 
they are of little benefit to an ophthalmology t, and it is a good pie that an 


internist or a general surgeon would gain little useful information in these ubject 


by a perusal of these nine pages. Similarly, it 1s hardly to be expected that an 
ophthalmologist would learn very much from the other nineteen chapter Lhe 
material contained in this book can be better culled from the journals as they come 
off the press. The phrase “too little and too late” seems to apply here. It ts 


difficult to see the usefulne of a book of this character 
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{RCHIVES OF OPHTHALMOLOGY 


Advanced Surgery of Cataract. by Daniel 4. Kirby, M.D. Price, $27.00. Pp. 271, 
including index, with 13% figures, 96 illustrations, and 22 color plates. J. B 


Lippincott Company, E. Washington Sq., Philadelphia 5, 1955 


\s explained in the foreword, this book was completed on Sunday, Dee. 27, 
1953, the day on which Dr. Daniel B. Kirby succumbed to a heart attack. In his 
first book, “The Surgery of Cataract,” published in 1950, there were many contro 
versial issues upon which Dr. Kirby did not take a definitive position, probably 
feeling that in a book of that character all sides should be presented without bias 
In this book Dr. Kirby has stated his position, and the main framework of the book 
is built of his own ideas, which those who knew him well realized were frequently 
original and decided-—for example, the use of curare in cataract surgery. Like the 
first, this book is beautifully illustrated, and the two volumes together constitute 
a monumental work. Ophthalmology is deeply indebted to Kirby for this complete 
documentation of our knowledge of cataract surgery 


Embryology of the Human Eye. |}y Aleta Nichols Barber. Price, $8.75. Pp. 236, 
including index and glossary, with 193 illustrations. C. V. Mosby Company, 
3207 Washington Blvd., St. Louis 3, 1955 


Dr. Barber has had wide experience in the preparation of this book, which 
represents her notes and material in teaching embryology of the eye for over a 
decade. As Dr. Holman states in his foreword, “This book is neither a textbook 
nor an atlas, but some of both. While it is designed primarily for students and 
practitioners of ophthalmology, other biologists, especially embryologists, anatomists 
and pathologists, will find it a valuable source for material.” The illustrations are 
beautiful, and the material is well organized into four main sections: (1) embryo 
genesis, (2) organogenesis, (3) differentiation, and (4) age-length correlation 
The last 1s especially valuable, since chronologic and linear measurements vary in 
different embryos 


Angiographic Localization of Intracranial Masses. licker and J’aul \ 
Reimenschneider. Price, $13.50. Pp. 433, with 413 illustrations. Charles ¢ 
Thomas, Publisher, 301 Lawrence Ave., Springtield, 1955 


The authors published the details of the technique used in angiography, and 
their concept of normal films, in an earlier publication, entitled “The Normal 
Cerebral Angiogram,” published by Charles C Thomas in 1951. The present 
volume is a reference atlas, consisting of a series of cerebral angiograms in 
proved cases of intracranial masses. ‘The authors stress the fact that the films 
reproduced have not been retouched and are from proved cases—almost all by 
Inicroscopic examination of tissue removed either at operation or at necropsy 

The book is divided into two parts, the first of which is a general description 
of the material, From an angiographic point of view, the authors consider 
twenty-seven specific regions in which intracranial masses oceur. The second 
part of the book is devoted to a chapter on each of these regions. The book is 
actually a manual which will be much more useful for radiologists, neurologists, 
neurosurgeons, and neuropathologists than for ophthalmologists. It undoubtedly 
Is an outstanding contribution to the techniques of this field. 
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Messrs 
Hempstead, L. |., N. Y 


The House of Vision 
Chicago 2 


Parsons Optical Laboratories 


San 


It was in 
1927 that 
the late Sir 
William Lister 
came to us and 
entrusted us with 

the development of his revo- 
lutionary idea for an instru- 
ment based on the always 
popular Morton Ophthal- 
moscope but incorporating 
an optical system which, 
with minimal corneal reflex, 
would illuminate a wide area 
of fundus. With his enthusi- 
astic and always courteous 
co-operation we were able to 
show the first Lister-Morton 
Ophthalmoscope to the Con- 
gress of the United Kingdom 
Ophthalmological Society at 
the Royal Society of Med- 
icine in April 1928. The im- 
mediate demand was so great 
that we had to refrain from 
advertising it until Septem- 
ber of the following year. 
The instrument subsequently 
became generally recognised 
as the ideal blend of design 
and craftsmanship. Inevita- 
bly, during the years many 
attempts at imitation have 
been made but there is 


Agents 
Anton Heilman 


Francisco 2 


MODELS 


Battery 


handle 
or 

To work 

trom 


the mains 


Same 
head 
for 


either 


ny 


THEODORE. 
HAMBLIN 


DISPENSING OPTICIANS 
15 WIGMORE STREET 


|ONDONWL 
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ARTIFICIAL EYE Sexuice 


Bapestence gained through over 100 years of artificial 
eyemaking enables us to produce and fit the very finest in artificial 
eyes. Glass and plastic eyes made to order or available 


from stock. Eyes fitted to all types of motility implants 


artificial Orders filled the same day received 


Eyes sent on memorandum 


eye selection Liberal assortment of either glass or plastic 


Samples accurately matched 


through the mail Superior quality eyes—Finest workmanship 


WRITE FOR FREE COLOR CHART AND SIZE GUIDI 


10 Madison Avenue 
New York 22, New York 
DETROIT *« CLEVELAND + KANSAS CITY « MINNEAPOLIS «© ST. LOUIS 
BOSTON « PHILADELPHIA «+ PITTSBURGH + WASHINGTON 


New Glover FRAMETAINER The Berman Metal Locator 


exclusive in Glover FRAME CABINETS or 


Classifies 144, 9% or 48 
frames at your fingertips. 


We're glad to send 
you complete infor- 
mation on the items checked. 


[_] Glover FRAME CABINETS 


Glover FITTING DESKS 


C Glover FRAME PANELS and TILES An electromagnetic detecting device that quickly 
for office wall frame presentation. and accurately locates metallic foreign bodies, in- 
cluding magnetic intraocular foreign bodies. Metal- 
lic fragments are readily detected from a satisfactory 
CO Glover Plan for Correlated Frame distance through intervening bone, tissue and fluids. 
Dispensing. Probing or physical contact with the foreign body is 
not required for detection. 


Recommended by your optical supply house. 


The thin sterilizable probe provides preoperative 
localization, “pin-point’ accuracy within the incision 
LEADING DESIGNER AND and postoperative check. 
MANUFACTURER OF OPTICAL Lends precision to foreign body surgery and greatly 
FRAME DISPENSING EQUIP reduces surgical trauma 


MENT SINCE 1951 BERMAN LABORATORIES 


Copyright 1955 by A. D. Glover 112-03 Rockaway Bivd. Ozone Park 20, N.Y. 


serving He Mager aud Geugelman tne. 
since 185! 
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Corneoscleral Suture Forceps by John J. Saver, M. D. 


This new suture forceps has been designed to offord firm fixation 
of the cornea or sclera with a minimum amount of tissue trauma, 


The over-all length of the instrument is 70 mm. The shaft is 13 mm 
long and 1.0 mm wide. The forceps has 1x2 angulor teeth, which 
are 0.6 mm long and very strong. A stop prevents excessive over- 
lapping of the teeth, thereby limiting the bite into the tissue. The 
forceps will not hold the conjunctiva, the latter sliding free between 
the teeth, Stainless Stee! $7.00 each. 


Available Only Through Authorized Surgical Supply Deolers. 


The test of time proves that the 
“LACRILENS”® contact lens can be worn 
for long periods of time in aphakia and in all 
sports, including swimming. Write For Brochure 


Manufacturers of all types of Contact Lenses 


Branches in 
PHILADELPHIA « MONTREAL « JOHANNESBURG 


Sh | THE Lawton COMPANY * 425 FOURTH AVE, NEW YORK 16, N.Y. 
® 
4 FIC. 
49 East 51st Street, New York 22, N. Y. 
/ 


SATISFACTION... 


- ee The satisfaction of your patients is our first and 
last thought when interpreting your prescriptions 
that your professional reputation may 


QUALITY SERVICE he sstoguorded and enhanced. Every pair of 


Technical skills ond glasses that comes from our laboratories is 
‘services that will fashioned with precision and from first-quality 
2 materials. For 31 years we have adhered to the 
single standard of producing only the best 

that professional reputations might be protected 
and consumer faith in eye-care skills and services 
increased. 


DOW OPTICAL CO. 


W. DOW, Pres. 


Chicago, Ill. Bloomington, Ill. 


Do you dispense glasses? 


We are one of the oldest, and most reputable wholesale opti- 
cians in the east, serving the discriminate ophthalmologist. 


An inquiry from you will bring a representative at your con- 


venience to outline our superior service plan. 


MAX ZADEK, INC. 


established 1904 
115 Fulton Street New York 38, N. Y. 
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Conover- Spaeth’ 
MAGNETIC CAMPIMETER 


“EDMUND B. SPAETH, M.D. 
PHILADELPHIA, PA. 


This new precision instrument gives 
accurate determinations and correct 
contiguration of the visual field with 
great savings of time and effort 
The Conover-Spaeth Campimeter 
is 24” square. It is placed on a table 
with the patient seated in front, his 
eye positioned 10%" from the central 
fixation point. The operator, stand- 
ing behind the screen, facing the 
patient and looking directly into the 
patient's eye, is able to detect the 
slightest wavering. The test object is 
introduced to the visual field from a 
“Concealment Circle’ and is con- 
trolled by a magnet from the back of 


the campimeter. The patient is not 


able to anticipate or even guess on 


which radius or from which side, 
righctorlett, che test object willappear 

This assures accuracy and elimi 
nates time-consuming rechecking 

The back of the campimeter ts 
clearly marked in degrees of the 
circle and angles of vision to con 
form to the standard Berens chart 
Each radius tested is immediately 
entered on the chart... No markers 
to be placed or removed, 

The tme saved in each examina- 
tion Creates Opportunities for more 


“fields” or other office work. 


vABSOLUTE ACCURACY 
\FAR FASTER 


Write for detailed information 


MANUFACTURER AND GENERAL DISTRIBUTOR 


GEORGE P. & SON CO. 


3451 WALNUT STREET 
HEADQUARTERS FOR 


PHILADELPHIA 
INSTRUMENTS FOR OTORHINOLARYNGOLOGY 
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“Doctor, am | color blind?” 


You will give your patients the correct an- 
swer if you use the new 2nd Edition of the 
DVORINE COLOR PLATES. 


The DVORINE PSEUDO-ISOCHROMATIC 
PLATES uncover not only weaknesses in 
color perception, but in color nomenclature 
as well. 


Here are some of the desirable features 
which are found ONLY in the DVORINE 
COLOR PLATES: 


@ A test for color nomenciature, to dis- 
tinguish the color blind from the 
color ignorant. 


@ A special section for testing very 
young children and iilliterates 


@ Each plate is limited to two color 
king @ di 


more positive 


@ The set consists of 23 plates with 
eight different color combinations, for 
the identification of specific confusion 
colors. 


@ A six-ring loose-leaf binder for rapid 
change of plotes sequence, to outwit 
the malingerer 
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1 MAKE IT HARDER 
DRIVING AT NIGHT 


If You Wear Glasses and Drive at Night 


Notice how reflections from electric signs, 
street lights and headlights on the surfaces of 
your glasses are very annoying? These are 
“ghost images” that hamper clear vision and add 
to the chore of night driving. 


MAY-O-LITE, a hard, durable, thin film of 


Magnesium Fluoride, helps make night driving 
easier. 


Complete Your Professional Service By Adding 


The Best in Sight 
MAY-O-LITE 


Leow Reflection Coating 


MAY RESEARCH, INC., Box 1181, Minneapolis 1, Minn. 


MAIL THIS COUPON 
Scientific Publishing Co. 
Dept. A 
2328 Eutow Place 
Baltimore 17, Md. 
Send me a copy of the new 
“DVORINE PSEUDO-ISOCHROMATIC PLATES” 


(with directions) 


$12.00 
complete set 


Name 
Address 


City Zone Stote 

Remittance Enclosed Bill Me. 
if check accompenies order, you mat deduct a cash 
discount of 5%, thet is, send only $11.40. 
(Money cheerfully refunded if you are not satisfied 
with ft set when you receive it.) 


HEALTH EDUCATION BOOKLETS 


Seven booklets on topics of interest to you 
and your patients. You will find them 
helpful in answering some of the ques- 
tions brought to you 


EYES AND SIGHT 
WHOM SHALL | CONSULT ABOUT MY EYES? F T 


Jung x pages 15 cents 
EVES-RIGHT! Audrey McKeever 
EVESTRAIN. Louis Jo Girard. 2 pages 


THE NEW CONTACT AND CORNEAL LENSES. M 


Nugent and Conrad Berens % pages 10 cen 


VOICE AND SPEECH 
WHEN STUTTERING IS NORMAL. Jack 


pages. 15 cents 


YOUR VOICE. Chevalier Jackson and hev 


Jackson. 12 pages. 15 cents 
MY SIX WEEKS OF SILENCE. Mi Kichstone 


pages. 10 cents 


Keep a supply of these booklets on hand, 
Available at lower cost quantity 
purchases. 


AMERICAN MEDICAL ASSOCIATION 
535 North Dearborn Street 
Chicago 10, Illinois 
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@ rugged, really different frame 


the 
Rialto 


Cl IMLINE temples 


and 


the new 
FORM-FITTING bridge 


BRIDGES 
18,20,22 
18,20,22,24 
18,20,22,24 


oll = — = Designed for your male patients who appreciate 


decidedly different styling. Available in two color 
groups: two-tones and solids to blend with the 
newest fabrics in men's wear. 


Established 
1923 SOLD ONLY THROUGH YOUR PRESCRIPTION AND SUPPLY HOUSE 


ZYLO WARE CORP. 11-15 47th Ave., Long Island City 1, N. Y. 
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Storz Atas Hand Eye Magnet 


E-6650—Eye Magnet, Atlas: complete with four tips in wooden case and sepa- 
rate rectifier with footswitch. Small size for maneuverability and ease 
of handling. The magnet weighs 4.6 lbs. The rectifier with footswitch 
weighs 8.7 lbs. The type of tip selected is dependent on the position of 
the splinter. For strongest pulling power, the large cone tip is applied. 
More effective results are obtained by stepping on the footswitch 
repeatedly to get short interrupted pull rather than a long steady pull. 


v 0 we r: The strong pulling power is similar to that given by the giant magnet. 
The absolute pulling power at the flange is 12.5 kg. or 28 lb. The ball 
jump power is 38.5 mm. The handling is not interfered with by strong 

directional pulls. 


Advantages... Small size—Light weight—POWER! — POWER! — POWER! 


Made for 110 volt, 60 cycle, alternating current. If other current or 
‘a voltage is desired, please specify. Uses 150 watts. Developed and 


tested at the University Eye Clinic in Kiel. 
Complete—$149.50 


E-6654 Magnet Tip, Intra-ocular, BONACCOLTO: 
small. $3.75 


E-6655 Magnet Tip, Intra-ocular, BONACCOLTO: 

large. $3.75 

Storz Instruments are 

available from Storz sales- 

men only. We do not dis- 

tribute under any other 
name or trademark. 


The tips not included with magnet. Please 
order separately. 


Order directly from 


Juatrument Company 


4570 Audubon Ave. St. Louis 10, Mo. 
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...Wwith the new 


New, heavyweight 
zyl fronts. 


TEMPLES SL New, contoured 


form fitting bridge. 
OPTICAL CO., INC. 


PETERSBURG, VIRGINIA 
Manufacturers Of OPHTHALMIC LENSES...FRAMES...SUN GLASSES 
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Instrumentation for 


MICRO-GONIOSCOPY and GONIOTOMY 


after Otto Barkan, M.D. 


GONIOSCOPE (illustrated) floor model, for of- 


fice and hospital surgery....... $185.00 
CORNEAL MICROSCOPE B&L........... 180.00 
CORNEAL MICROSCOPE Haag-Streit....... 225.00 
Your own Corneal Microscope adapted to gonio- 
Otto Barkan Focal Illuminator (hand lamp) 
with plug in transformer................ 42.50 


Otto Barkan-Koeppe Diagnostic Lens (for viewing 
the angle) small (infant) 16 & 17 mm 
(medium) 18 & 19 large (adult) 20 mm in 


Otto Barkan Surgical Goniotomy Lens 

small (infant) med. (child and adult) . . 45.00 
Otto Barkan Surgical Knife (latest model)... 9.75 
Otto Barkan Operating Lamp.......... 65.00 
Floor stand for above............. err 


Gonioscope PARSONS OPTICAL LABORATORIES, INC. 


518-20 Powell Street San Francisco 2, Calif. 


A necessity in every eye operating room and wherever eye injuries are treated. 


Steridro 


trademark 
pat. pend. 


all important solutions 
required for ocular surgery 


write now for details to OPHTHALMOS, INC. 
UNION CITY, N. J. 
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$3333 
Sterile, fully potent eye medications : 

Single Dose Disposable Dropper Unit # 


FOR A BIGGER and BETTER FUTURE 
ALL HONOR (fo these COMPANTLES of VISION 


MANUFACTURERS 


AL COMPANY 

TCAL COMPANY 
AND LOMB OPTICAL COMPANY 
THE BISHOP COMPANY 
CONTINENTAL OPTICAL COMPANY 
FAIRFIELD 
FRAME FASHIONS 
KONO MANLPACTURING COMPANY 
LIBERTY OPTICAL MPC. COMPANY 
MARINE OPTICAL MANLFACTLURING CO. 
MODERN OPTICS, INC 
OPTICAL FASHIONS, INC, 
RARE EARTHS, INC 
SHU RON OPTICAL COMPANY 
OPTICAL COMPANY 
LNIVERSAL OPTICAL COMPANY 
THE UNIVES LENS COMPANY 
VICTORY OPTICAL MPC. CO 
VISION BASE CORPORATION 
ZYLITE PRODUCTS CO., 


SUPPLY HOTSES 


ACME OPTICAL 
ALABAMA OPTICAL & SLPPLY INC, 
ALVIN OPTICAL COMPANY 
AMERICAN OPTICAL COMPANY 

Al Be amehes 
APPLERY OPTICAL CO 
ASSOCIATED EMPLOYERS OFT. LAB. 
PRED J. BALESTER AND SONS 
BARRY OPTICAL 
BATAVIA OPTICAL CO 
BALSCH & LOME 


BALSCH & LOMB OF 
ortheastera 
BAUSCH & LOMB OPTICAL CO 
Pach 
BALSCH & LOMB OFT 
BEITLER MeKEE OPTICAL 
BELAIR- TAYLOR & MERRITT OFT. CO 
BELL OPTICAL LABORATORY 
N. P. BENSON OPTICAL INE 
All Hranehe 
BERKS OPTICAL CO 
All Branches 
BINGHAMTON OPTICAL CO 
BLACKHAWK OPTICAL LABORATORIES 
BLUE GRASS OPTICAL CO 
BLUE RIDGE OPTICAL CO, ING 
BOLL & LEWIS OPTICAL CO 
BRADLEY PTICAL CO 
BROOME OPTICAL CO 
BRL ENNER OPTICAL LABORATORY 
BLD OPTICAL CO 
New York, 
BLDD OPTICAL CO 
Mane 
BURLEICH OPTICAL CO 
BUTLER OPTICAL CO. 
©. CALDWELL OPTICAL CO. 
CANNON OPTICAL COMPANY 
CAROLINA OPTICAL SUPPLY 
THE CARSKADDEN OFT 
CENTRAL OPTICAL CO., 


CENTRAL OPTICAL 

CENTRAL STATES OPTICAL CO 
CHAPEIN OPTICAL CO 
CHICO REDDING OPTICAL LABS. 


CLEVELAND OPTICAL CO 
CLINTON OPTICAL ine 

COLL MBIAN BIFOCAL INC, 
CROUSE OPTICAL CO 

bau oF AL 

DARNELL OPTICAL COMPANY 
DECHAL OPTICAL Cor, INE 

THE DEMPSEY OFTICAL CO 
DIEDERICH OPTICAL CO, 
DIETZ OPTICAL 

DIETZ MeLEAN OPTICAL CO 
CHARLES DIXON OPTICAL ASSOCIATES 
DOW OPTICAL CO 

AL INC 

FEDERAL AL 

FERRARI AND Bist 

FLORENCE OPTICAL LABORATORY 
rite OPTICAL SERVICE 
FORREST OPTICAL CO 

PORT WAYNE OPTICAL 

FOX OPTICAL OO 

PREDRICK OPTICAL COMPANY 
FREEMAN OPTICAL COMPANY, IN« 
AND OPTICAL SERVICE, INC 
GENEVA OPTICAL CO 

GIBBONS OPTICAL COMPANY 
CREGCORY OPTICAL CO 

GULP OPTICAL CO 

HAWAKEVE OPTICAL CO 

HEDRICK OPTICAL CO 

HEILMAN OPTICAL CO 

HILBERT OPTICAL CO 

HILBERT BURDELL OPTICAL CO, ING 
ROY HIKRSHLAND OPTICAL Lat 
A. HOLDEN OPTICAL CO 
HOMER OPTICAL INE 
HOLCHIN OPTICAL 

1DOL OPTICAL COMPANY 
JENKREL DAVIDSON OPTICAL COMPANY 
JONES OPTICAL COMPANY 

KAHN OPTICAL COMPANY, LTD 
KANSAS OPTICAL CO 


PALL KULICK 

LAFAYETTE OPTICAL CO 
TARELAND € 

LANGLEY OPTICAL COMPANY 
LEMIGH OPTICAL CO 

LINDEN OPTICAL CO 

LONG'S OPTICAL SERVICE 
MADISON OPTICAL SERVICE, INC 
MAVES OPTICAL (0 

Met LENAGHEN OPTICAL CO 

OPTICAL LAB, INE 
MeLEOD OPTICAL ING 
MERRIMACK OPTICAL CO 
MIDLAND OPTICAL COMPANY 
JOUN MILAM OPTICAL COMPANY 
MILLER BIGHT OPTICAL CO 
MINNESOTA OPTICAL CO 

MOODY OPTICAL CO 

MUNCIE OPTICAL CO 

5. NAY COMPANY 

ALGUST NELSE & 

NEW ENGLAND OPTICAL COMPANY 
NIAGARA OPTICAL CO 

NORTH STAR OPTICAL COMPANY 
OGDEN OPTICAL SUPPLY 
ONONDAGA OPTICAL CO 


ONTARIO OPTICAL LABORATORY 


OPTICAL LABORATORIES, INC 
Heffele, 

OPTICAL LABORATORIES, ING 
‘ 


THCAL SERVICE OF FLINT 
OPTICAL SERVICE LAB. OF OF 
AL SLPPLY COMPANY 
OSTERTAG OPTICAL SERVICE 
PAASCHE OPTICAL CO 
PARAMOUNT OPTICAL LARS 
PECO OPTICAL LABORATORY 
T com 
OAL CO 
OPTICAL CO 


ORGIA 


Ine 
PANY 


PHYSICIANS OPTICAL SERVICE 


OPTICAL COL, ENG 
HERMAN POLLACK CO 
PRECISION OPTICAL 
PROFESSIONAL OF 
READING OPTICAL 
REESE OPTICAL CO, INE 
REMLEY OPTICAL CO 
RITE STYLE OPTICAL CO 


AL SLPPLY 


OFT. SERVICE, ING 
ROCKY MOUNTAIN OPTICAL CO 


ROONEY OF AL, COMPANY 
ROSELAND OPTICAL LAB 

OFTTTHALMIC Late 
HOVAL OPTICAL 

POWARD 1. SCHMIDT & 
SHWARTZ OPTICAL Cor, ING 
CHARLES A. SHEPARD OPTICAL 
OFTICAL 
SOLAR OPTICAL CO 

THERN OF AL COMPAN 
SM THERN STATES OTIC AL 
“SPECS APPEAL 

CEORGE SPRATT OPTICAL 
STATE OPTICAL 

siren 
SUPREME OF Al. COMPANY 
St THERLIN OPTICAL CO 
TENNESSEE OPTICAL 
TOLEDO OPTICAL LAB. 
TREMAN OPTICAL COMPANY 
TWIN CITY OPTICAL CO 
TWIN PORTS OFTICAL 


LSITED OPTICA 
Salem, 


VICTORY OPTICIANS, INE 
THE WALMAN OPTICAL CO 
TERN OPTICAL CO 
THE WHITE HAINES OPTICAL 


WMATORY 
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WILLIAMS TINDER OPTICAL LAK 


Wilson & HALF oritical 
WINCHESTER OPTICAL C0 
OPTICAL SEMVICE 
WHEN OPTICAL COMPANY 
THE YOUNGSTOBS OFTICAL 


INC, 
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Specialists in ALL TYPES of Plastic and Glass 
Artificial Human Eyes Exclusively 


MADE TO ORDER IN OUR OWN LABORATORY 
Doctors are invited to visit 


REFERRED CASES CAREFULLY ATTENDED 
AND SATISFACTION GUARANTEED 


EYES ALSO FITTED FROM STOCK 
Plastic ov Glass Selections Sent on Memorandum upon Request 


Implants and Plastic Conformers in Stock 


FRIED ano KOHLER, INC. 


665 FIFTH AVENUE NEW YORK, N. Y. 
near 53rd St. Tel. ELdorado 5-1970 
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ATTRACTS NEW ALLOY STEELS 
THAT SMALL MAGNETS DO NOT MOVE 


The New Improved Mueller 
GIANT EYE MAGNET 


Now equipped with o spark-free, noiseless 
selenium rectifier and explosion-proof foot- 
switch control, the Mueller Giant Magnet 
is better—safer—surer than ever—essen- 
tial equipment for the modern hospital, 
clinic, industrial first aid room. Greater 


power than any comparable magnet pro- Adjustable in 
vides a much increased range of usefulness, Height, Direc | 
particularly in removal of bits of the newer mA ae 


alloys which are not affected by smaller 

magnets. Perfectly counterbalanced, the magnet ts 
quickly and silently adjustable in height, direction and 
tilt—as easy to operate as it is free from maintenance 
costs. On noiseless casters, complete with interchange- 
able blunt and probe pointed silvered tips. Early delivery. 
Write for details. 


330 SOUTH HONORE STREET 
Mueller ¢ Cs. CHICAGO 12, ILLINOIS 


BRANCHES NOW IN ROCHESTER (MINN.) — DALLAS AND HOUSTON, TEXAS 
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3-WAY 


GIVES YOU THE QUALITY YOU’VE BEEN WAITING FOR 


STANDARD DIMENSIONS @ THIN LINE, inconspicuous and 
(TO AIOW-OWNA TOLERANCES) non-reflecting 
AKRO SEG GLASS 


THRESHOLD-WELDED 
Standard dimensions: CORRECTED CURVES 
Arm’s-length field, vertical 7mm And the finest close-tolerance 


(Standard add for arm’s-length is 50% of reading add.) craftsmanship in the optical business! 


WHEN TO USE? When the wearer uses 


arms-length vision more than average. 


Reading field — WHERE TO FIT? The top of the reading 
field exactly the same height as the top 
of a MODERN-D in that same frame on 
that same patient. 


Optical-center of reading IN STOCK AND AVAILABLE NOW! 
field 1.5mm below line. THERE ARE NO FINER LENSES THAN MODERN 


OPTICS 


HOUSTON ° SAN FRANCISCO ° CLEVELAND 


horizontal 25mm 
vertical 14mm 
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MODERN 
3-WAY SEGS 
> 6mm 3-way 7mm 3-way Bmm 3-way JUMBO Round Top 3-wey 
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Many Cases with visual acuity as low as 2% \F 


can be aided by 


These successful aids to subnormal vision are 
available in two powers, 1.7 or 2.2 diam- 
eters. Spectel telescopic spectacles are fitted 
without complicated equipment or proced- 
ures, Trial sets are moderate in price. 


Complete details in Bulletin 302, available TELESCOPIC 
from your optical supply house or direct SF SPECTACLES 


from us. 


KOLLA® “EN Distributed in Canada by 
® Imperial Optical Company 
CORPORATION 


NEW YORK OFFICE: 30 CHURCH ST., NEW YORK 7, N.Y. 


PLANT, NORTHAMPTON, MASSACHUSETTS 


SURGICAL INSTRUMENTS CO., INC., 
520 FIFTH AVENUE, NEW YORK 36, N. Y. 
LONDON ESTABLISHED 1875 PARIS 


LEBENSOHN NEAR VISION TEST CHART 


(Revised 1947) 


of both sides of this substantial chart permits 
presentation of a wide variety of tests that will be 
found useful in office or clinic, Basically a miniature 
Snellen chart, it gives precise reading acuity expressed 


is distance equivalent, decimal or visual efficiency 


The newest edition has an accommodation or near test 
that is positive but simple to use i duochrome test 
for near and a bead chain for fixing the working dis 
tance at 35 em. The chart has reading types in Englis! 
and Spanish, with type sizes and Jaeger equivalents as 


near test for illiterate 


sides a illustrated, in plasti 


hat Rel and measuring cl iin 


Cat. No, B4285 Price $7.50 
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CRAVE 


Lovely 
Vivacious 


a There's an entirely new look to Nanette 
8s DIFF—ZYL with its smartly styled browline 
and distinctive eye shape. Nanette 
has a special 7-barrel hinge temple designed 
Cease especially for this new frame. 


Nenette Clarbridge Mocha on Crystal 
Wine on Crystol Nanette is available in Clarbridge and Magicolor 
Cadet Blue on Crystol Magicolor is the frame with a thin silhouette 


Nonette Magicolor, Mocha, Wine and Cadet Blue of color laid in contrast against clear crystal Zyl) 


ART-C RAFT optical co. TG. 
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ART CRAFT OPTICAL OF IEW YORK CITY, INC. ART CRAFT OPTICAL SOUTHEAST, INC ART CRAFT OPTICAL MIDDLE ATLANTIC, ne 
ART CRAFT OPTICAL OF PHILADELPHIA, INC. ART CRAFT OPTICAL WEST COAST, INC. ART CRAFT OPTICAL SOUTHWEST, INC. 
> o ART CRAFT OPTICAL OF CHICAGO, INC ART CRAFT OPTICAL OF THE SOUTH, INC. ART CRAFT OPTICAL OF CANADA, LTO 
CRAFT OPTICAL OF NEW ENGLAND, INC ART CRAFT OPTICAL NORTH CENTRAL, INC ART CRAFT OPTICAL INTERAMERICANA, (NC 
ALN INC CRAFT OPTICAL OF ROCHESTER, INC ART CRAFT OPTICAL EXPORT COMP 
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